


NASA Contractor Report 3965 

The Relative Effect of Noise 
at Different Times of Day 

An AnaZysis of Existing Sawey  Datu 

James M. Fields 
The Bionetics Corporation 
Hampton, Virginia 

Prepared for 
Langley Research Center 
under Contract NAS 1- 16978 

National Aeronautics 
arid Space Administration 

Scientific and Technical 
Information Branch 

1986 



TABLE O F  CONTENTS 

SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . .  2 

R e v i e w  of Pas t  R e s e a r c h  . . . . . . . . . . . . . . . . .  4 
O b j e c t i v e s  of t h i s  R e p o r t  . . . . . . . . . . . . . . . .  5 

D e f i n i t i o n  of the  T i m e - o f  D a y  Weighting Model . . . . . .  3 

SYMBOLS AND ABBREVIATIONS m e m * 6 
A d d i t i o n a l  S u b s c r i p t s  . . . . . . . . . . . . . . . . . .  6 
T i m e - P e r i o d  Weight S y m b o l s  . . . . . . . . . . . . . . .  6 

DATA FOR THE ANALYSES . . . . . . . . . . . . . . . . . . .  6 

ANALYSIS O F  OVERALL ANNOYANCE TO PROVIDE DIRECT 
ESTIMATES O F  TIME-OF-DAY WEIGHTS . . . . . . . . . . . .  7 
E s t i m a t e s  of Parameters i n  t h e  A d j u s t e d  E n e r g y  Model . . 8 
C o m p a r i s o n s  w i t h  A l t e r n a t i v e  Models . . . . . . . . . . .  1 2  
C o m p a r i s o n s  of A l t e r n a t i v e  Annoyance Q u e s t i o n s  . . . . .  13 
Sources of Inaccuracies  i n  E s t i m a t e s  of T i m e - o f - D a y  

Weights . . . . . . . . . . . . . . . . . . . . . . . .  1 4  

ANALYSES O F  MEASURES O F  ANNOYANCE I N  TIME PERIODS m m m 15 

R a n k i n g s  of Annoyance i n  T i m e  Periods: N o  C o n t r o l  
f o r  Noise L e v e l  . . . . . . . . . . . . . . . . . .  15  

A c o u s t i c  O b s e r v e r  F r a m e  of R e f e r e n c e  
C o n t a m i n a t i o n  of F e e l i n g s  . . a . @ 

C o n v e n t i o n a l  W i s d o m  R e f l e x  . . . . .  

D i f f i c u l t i e s  i n  I n t e r p r e t i n g  A n s w e r s  t o  Time-Period 
Annoyance Q u e s t i o n s  . . . . . . . . . . . . . . .  

Noise E n t i t v  . . . . . . . . . . . . . . . . .  . . . . 

1 

A c o u s t i c  O b s e r v e r  F r a m e  of R e f e r e n c e  
C o n t a m i n a t i o n  of F e e l i n g s  . . a . @ 

C o n v e n t i o n a l  W i s d o m  R e f l e x  . . . . .  
C o n c l u s i o n s  . . . . . . . . . . . . .  

1 7  
18 
1 9  
19 
20 
2 0  

D i f f e r e n c e s  between Per iod  R e s p o n s e s  Measured i n  
D e c i b e l s  . . . . . . . . . . . . . . . . . . . . . .  2 1  

Annoyance C o m p a r i s o n  Method . . . . . . . . . . .  2 1  
Annoyance R a n k i n q  Method . . . . . . . . . . . .  23 

T i m e - o f - D a y  Weights . . . . . . . . . . . . . . . .  25 
D i f f i c u l t i e s  i n  C o n v e r t i n g  Per iod D i f f e r e n c e s  i n t o  

CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . . . .  2 7  

ACKNOWLEDGEMENTS 0 e . o e 0 28 

APPENDIX A: ANNOYANCE SCALES . . . . . . . . . . . . . . .  29 



TABLE OF CONTENTS 
CONTINUED 

APPENDIX B: L IST  OF SURVEYS USED I N  ANALYSES . . . . . . .  37 

APPENDIX C: SAMPLING ERROR COMPUTATIONS . . . . . . . . .  38 

APPENDIX D: INTERVAL ESTIMATES OF THE PAKAMETERS OF 
THE ADJUSTED ENERGY SUMMATION MODEL . . . . .  4 0  

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . .  4 3  

TABLES . . . . . . . . . . . . . . . . . . . . . . . . . .  4 5  

FIGURES . . . . . . . . . . . . . . . . . . . . . . . . . .  57 



SUMMARY 

I t  is o f t e n  hypo thes i zed  t h a t  t h e  impact  of n o i s e  is d i f f e r -  
e n t  a t  d i f f e r e n t  t i m e s  o f  day. T h i s  r e p o r t  examines s u r v e y  e v i -  
dence on t h e  r e l a t i v e  impact  of  n o i s e  a t  d i f f e r e n t  t i m e s  of day 
and assesses t h e  s u r v e y  methodology which produces  t h a t  ev idence .  
Two t y p e s  of a n a l y s e s  are  performed,  a n a l y s e s  of t h e  r e l a t i o n s h i p  
between o v e r a l l  ( 2 4  h o u r )  n o i s e  annoyance and t ime-per iod  n o i s e  
l e v e l s  and a n a l y s e s  of t ime-per iod  annoyance measures .  

Ana lyses  of o v e r a l l  ( 2 4  h o u r )  n o i s e  annoyance are  used t o  
assess env i ronmen ta l  n o i s e  i n d i c e s .  The impor tance  of n o i s e  a t  
d i f f e r e n t  t i m e s  of day is r e p r e s e n t e d  by a weight  which is a p p l i e d  
t o  n o i s e  o c c u r i n g  i n  t h e  evening  and/or  t h e  n i g h t t i m e  i n  such  en- 
v i ronmen ta l  n o i s e  i n d i c e s  as LDN (Day-Night Average Sound Level ) 
and CNEL (Community Noise Exposure L e v e l ) .  Such a weight  a p p e a r s  
a s  a pa rame te r  i n  models of human r e a c t i o n s  t o  n o i s e .  Analyses  
of t h e  r e g r e s s i o n  of o v e r a l l  (24-hour)  annoyance on n o i s e  l e v e l s  
i n  d i f f e r e n t  p e r i o d s  can p r o v i d e  d i r e c t  estimates of t h e  v a l u e  of 
t h e  p a r a m e t e r s  i n  t h e s e  models. The a n a l y s e s  i n  t h i s  r e p o r t  are 
based on t h e  o r i g i n a l  computer t a p e s  c o n t a i n i n g  t h e  r e s p o n s e s  o f  
22,000 r e s p o n d e n t s  from t e n  s t u d i e s  of r e s p o n s e  t o  n o i s e  i n  resi- 
d e n t i a l  areas. The estimates d e r i v e d  from these a n a l y s e s  are 
found t o  be so inaccura te  t h a t  t h e y  do n o t  a i d  i n  choos ing  between 
t h e  v a r i o u s  t ime-of-day weighted  n o i s e  i n d i c e s  o r  even between t h e  
weighted (eg. LDN) and t h e  unweighted i n d i c e s  ( eg .  24-hour L E Q ) .  
T h e  estimates do n o t  p r o v i d e  u s e f u l  i n fo rma t ion  for  p o l i c y  or 
s c i e n t i f i c  pu rposes .  The p o s s i b i l i t y  t h a t  t h e  t y p e  of q u e s t i o n -  
n a i r e  i t e m  c o u l d  be b i a s i n g  t h e  e s t i m a t e s  of  t h e  time-of-day 
w e i g h t i n g s  is c o n s i d e r e d  b u t  n o t  suppor t ed  by t h e  data .  Two 
a l t e r n a t i v e s  t o  t h e  c o n v e n t i o n a l  n o i s e  r e a c t i o n  model ( t h e  ad- 
j u s t e d  ene rgy  model) are  c o n s i d e r e d  b u t  n o t  s u p p o r t e d  by t h e  data .  
The i n a c c u r a c y  i n  t h e  estimates of t h e  time-of-day w e i g h t i n g s  can 
be t r a c e d  t o  t h e  h i g h  c o r r e l a t i o n  between n i g h t t i m e  and dayt ime 
n o i s e  l e v e l s  i n  t h e  su rveyed  r e s i d e n t i a l  areas. 

The impor tance  of n o i s e  a t  d i f f e r e n t  t i m e s  of day is a l so  
ana lyzed  w i t h  s u r v e y  q u e s t i o n n a i r e  i t e m s  a b o u t  t h e  amoun t  of annoy- 
a n c e  f e l t  a t  d i f f e r e n t  t i m e s  of day. Seve re  problems i n  i n t e r p r e t -  
i n g  answers  t o  t h e s e  q u e s t i o n s  mean t h a t  t h e  r e s u l t s  of  these a n a l -  
y s e s  do  n o t  p r o v i d e  v a l i d  estimates of t h e  time-of-day we igh t ings .  

I t  is concluded  t h a t  e x i s t i n g  su rvey  da ta  do n o t  p r o v i d e  
v a l i d ,  s a t i s f a c t o r i l y  a c c u r a t e  numer i ca l  estimates o f  t h e  r e l a t i v e  
impor tance  of  n o i s e  a t  d i f f e r e n t  t i m e s  of day. 



INTRODUCTION 

Nigh t t ime  n o i s e  is o f t e n  b e l i e v e d  t o  have a greater impact  
on annoyance i n  r e s i d e n t i a l  areas t h a n  dayt ime n o i s e  of  t h e  same 
n o i s e  l e v e l .  T h i s  common o b s e r v a t i o n  is p a r t i a l l y  based  on t h e  
obv ious  p o i n t  t h a t  a n o i s e  which is n o t i c e d  d u r i n g  t h e  dayt ime is  
l e s s  d i s t u r b i n g  than  a n o i s e  which is n o t i c e d  and b e l i e v e d  t o  
have caused  s l e e p  d i s t u r b a n c e  d u r i n g  t h e  n i g h t .  Such conven t iona l  
w i s d o m  does n o t ,  however, p r o v i d e  enough ev idence  t o  de te rmine  
t h e  r e l a t i v e  impact  of n o i s e  a t  d i f f e r e n t  t i m e s  of day. T h i s  is 
p a r t l y  because  numer i ca l  estimates are needed and p a r t l y  because  
t h e  p r o p o r t i o n  o f  t h e  r o u t i n e  no ise  e v e n t s  which are  n o t i c e d  may 
be d i f f e r e n t  f o r  n i g h t t i m e  and dayt ime.  

D e f i n i t i o n  of  t h e  Time-of-Day Weight ing Model 

The impor tance  of  n o i s e  a t  d i f f e r e n t  t i m e s  of day is r e p r e -  
s e n t e d  i n  env i ronmen ta l  n o i s e  i n d i c e s  by a weight  which is a p p l i e d  
t o  n o i s e  o c c u r r i n g  i n  t h e  evening  and/or n i g h t t i m e .  Such a weight  
a p p e a r s  as  a pa rame te r  i n  models of human r e a c t i o n  t o  n o i s e .  The 
m o s t  w ide ly  a c c e p t e d  of  these models is t h e  a d j u s t e d  ene rgy  model. 
(Two o t h e r  i n f r e q u e n t l y  used r e sponse  models are a l so  c o n s i d e r e d  
i n  t h e  body of t h e  r e p o r t . )  The a d j u s t e d  ene rgy  model of human 
r e a c t i o n s  is  c o n s i s t e n t  w i t h  t h e  model imp l i ed  by s u c h  e q u i v a l e n t  
ene rgy  i n d i c e s  as  LDN (Day-Night Average Sound L e v e l ) ,  N E F  (Noise 
Exposure F o r c a s t ) ,  WECPNL (Weighted E q u i v a l e n t  Cont inuous P e r c e i v e d  
Noise Level  ) and CNEL (Community Noise Exposure Level  ) . In  these 
n o i s e  i n d i c e s  and i n  t h e  ad jus t ed  ene rgy  model g e n e r a l l y  t h e  n o i s e  
l e v e l  i n  t h e  n i g h t t i m e  (and  sometimes e v e n i n g )  p e r i o d  is a d j u s t e d  
w i t h  a numer i ca l  weight  b e f o r e  be ing  combined w i t h  t h e  n o i s e  
l e v e l  from t h e  dayt ime p e r i o d  t o  make  a 24-hour index  ( L I ) .  In  
t h i s  r e p o r t  t h a t  n u m e r i c a l  weight  is r e p r e s e n t e d  by a symbol " W j "  

f o r  t h e  t i m e  p e r i o d  " j" .  T h i s  weight  is then m u l t i p l i e d  by t h e  
number of n o i s e  e v e n t s  or t h e  r e l a t i v e  p r e s s u r e  squa red  v a l u e s  of 
t h e  sound l e v e l s .  Wi th  t h e s e  m u l t i p l i c a t i v e  we igh t s  t h e  model 
f o r  three t i m e  p e r i o d s  (day ,  evening  and n i g h t )  is w r i t t e n  as: 

(The dayt ime we igh t  is n o t  e x p l i c i t l y  r e p r e s e n t e d  i n  t h e  model 
because  it is unde r s tood  t o  be se t  t o  one ,  W d = l ) .  The m u l t i p l i c a -  
t i v e  time-of-day weight  h a s  a v a l u e  of  we=3 f o r  even ing  n o i s e  i n  
CNEL and a v a l u e  of  Wn=1O f o r  n i g h t t i m e  n o i s e  i n  LDN and CNEL. 
T h i s  m u l t i p l i c a t i v e  we igh t  can a l so  be t r ans fo rmed  and expres sed  
as a d e c i b e l  a d j u s t m e n t  ( D L , )  which is added t o  t h e  l e v e l  of each  

n o i s e  e v e n t  i n  a t i m e  p e r i o d .  In  t h i s  case t h e  model f o r  t w o  t i m e  
p e r i o d s  is w r i t t e n :  

3 
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The DL a d j u s t m e n t  is t h e  conven t iona l  weight  of 1 0  i n  LDN,  o r  

1 2 . 2  i n  CNR or NEF. t h e  r e l a t i o n s h i p  between t h e  t w o  a l t e r n a t i v e  
e x p r e s s i o n s  f o r  t h e  time-of-day w e i g h t s  is: 

n 

One charac te r i s t ic  of t h e  a d j u s t e d  ene rgy  model is n o t  immed- 
i a t e l y  obv ious .  In  many i n s t a n c e s  t h e  l o g i c  of t h e  a d j u s t e d  ene rgy  
model i m p l i e s  t h a t  r e s p o n s e  t o  n o i s e  is de termined  by t h e  n o i s e  
of o n l y  a s i n g l e  period. T h i s  o c c u r s  because  r e s p o n s e  is related 
t o  t h e  sum o f  t h e  a n t i l o g s  of t h e  n o i s e  l e v e l s  and these a n t i l o g s  
may o f t e n  d i f f e r  by s e v e r a l  o r d e r s  of magnitude. A s  a r e s u l t  t h e  
n o i s e  l e v e l s  i n  b o t h  p e r i o d s  w i l l  a f fec t  annoyance o n l y  when t h e y  
are approx ima te ly  e q u a l  on a s u b j e c t i v e  b a s i s .  I f  f o r  example 
t h e r e  is a n i g h t t i m e  we igh t ing  o f  10  ( W j = l O ,  DL = l o )  and t h e  day- 

t i m e  n o i s e  l e v e l s  exceed  t h e  n i g h t t i m e  n o i s e  l e v e l s  by 20 d e c i b e l s ,  
then  t h e r e  is a s u b j e c t i v e  d i f f e r e n c e  o f  approx ima te ly  10  d e c i b e l s .  
In  t h i s  case t h e  model i m p l i e s  t h a t  f u r t h e r  r e d u c t i o n s  i n  n i g h t t i m e  
n o i s e  would have v i r t u a l l y  n o  e f f e c t  on r e a c t i o n s  t o  t h e  o v e r a l l  
n o i s e .  

n 

Review of P a s t  Research  

Two s e t s  o f  f i n d i n g s  from a r e c e n t  rev iew of  o v e r  30 time-of- 
day n o i s e  s t u d i e s  ( F i e l d s ,  1985a)  are  of impor tance  f o r  t h i s  r e p o r t :  
f i n d i n g s  a b o u t  t h e  v a l u e  o f  t h e  time-of-day we igh t  and f i n d i n g s  
a b o u t  a s sumpt ions  i n  t h e  a d j u s t e d  ene rgy  model. 

Whi l e  t h e r e  had been c o n s i d e r a b l e  d i s c u s s i o n  abou t  t ime-of- 
day w e i g h t s ,  it w a s  found t h a t  optimum, bes t - f i t  estimates of t h e  
time-of-day w e i g h t s  were n o t  a v a i l a b l e  from any o f  t h e  p u b l i s h e d  
a n a l y s e s .  I n s t e a d  m o s t  p r e v i o u s  a n a l y s e s  compared o n l y  t w o  
w e i g h t i n g s  (Wn=l i n  LEQ and Wn=lO i n  L D N ) .  Such a n a l y s e s  c o u l d  
o n l y  conc lude  t h a t  t h e  b e s t  estimate would e i the r  be above or below 
an i n t e r m e d i a t e  va lue .  A s  s i g n i f i c a n c e  tests were u s u a l l y  n o t  
a p p l i e d  t o  t h i s  p rocedure ,  it is n o t  even known whether  or n o t  
t h e  d i f f e r e n c e s  were s t a t i s t i c a l l y  s i g n i f i c a n t .  When t h e  r e s u l t s  
f rom t h e  d i f f e r e n t  s t u d i e s  were compared t h e y  d i d  n o t  c o n s i s t e n t l y  
s u p p o r t  a p a r t i c u l a r  v a l u e  fo r  t h e  time-of-day weight ing .  

The rev iew a l so  c o n s i d e r e d  t h e  p u b l i s h e d  e v i d e n c e  on s e v e r a l  
a s sumpt ions  which are  i m p l i c i t  i n  t h e  a d j u s t e d  ene rgy  model. The 
d a t a  were n o t  p r e c i s e  enough t o  d e f i n i t e l y  conf i rm or  reject  t h e  
assumpt ions .  Once n o i s e  l e v e l  w a s  c o n t r o l l e d  i n  t h e  a n a l y s i s ,  t h e  

-3- 



data  d i d  n o t  reject  t h e  assumption t h a t  r e s p o n s e  t o  s i m i l i a r  n o i s e  
l e v e l s  would be t h e  same d u r i n g  t h e  e n t i r e  n i g h t t i m e  p e r i o d .  N o  
e v i d e n c e  was found f o r  a more d i s t i n c t  t h r e s h o l d  fo r  n i g h t t i m e  than  
for  dayt ime annoyance. 

Some data d i d  however ra ise  q u e s t i o n s  a b o u t  whether  n i g h t t i m e  
r e s p o n s e s  are  c l o s e l y  r e l a t e d  t o  n i g h t t i m e  n o i s e  l e v e l s .  One 
s u r v e y  around L o s  Angeles  I n t e r n a t i o n a l  a i r p o r t  compared r e a c t i o n s  
when t h e r e  were 50 f l i g h t s  a n i g h t  w i t h  t h e  r e a c t i o n s  f o l l o w i n g  
changes i n  f l i g h t  p r o c e d u r e s  which r e s u l t e d  i n  o n l y  o c c a s i o n a l  
f l i g h t s  a t  n i g h t  ( F i d e l 1  and Jones, 1975) .  N o  change i n  n i g h t t i m e  
r e a c t i o n s  w a s  found. A more d e t a i l e d  d i s c u s s i o n  o f  t h e s e  f i n d i n g s  
is  a v a i l a b l e  i n  t h e  p r e v i o u s l y  mentioned review.  For  t h e  pu rposes  
o f  t h i s  p a p e r ,  t h e  impor t an t  p o i n t  is t h a t  there is some doubt  
abou t  t h e  r e l a t i o n s h i p  between n i g h t t i m e  n o i s e  l e v e l s  and n i g h t -  
t i m e  r e sponse .  The i m p l i c a t i o n  is t h a t  t h e  p r e s e n t  a n a l y s e s  
shou ld  a t t e m p t  t o  demonstrate t h a t  t h e  r e a c t i o n s  d u r i n g  a p a r t i c -  
u l a r  t i m e  p e r i o d  are  a f u n c t i o n  of n o i s e  l e v e l s  d u r i n g  t h a t  p e r i o d  
and n o t  s imply  a f u n c t i o n  of  correlated v a r i a b l e s ,  t h e  n o i s e  l e v e l s  
d u r i n g  o t h e r  p e r i o d s .  

O b j e c t i v e s  of t h i s  Report  

The p r e v i o u s l y  mentioned review summarized t h e  i n f o r m a t i o n  
which w a s  a v a i l a b l e  from e x i s t i n g  p u b l i c a t i o n s .  The research i n  
t h e  p r e s e n t  r e p o r t  t u r n s  t o  o r i g i n a l  data  sets w i t h  new a n a l y s i s  
t e c h n i q u e s  t o  a t t e m p t  t o  p r o v i d e  new in fo rma t ion  a b o u t  t h e  t i m e -  
of-day we igh t ing .  The o b j e c t i v e s  of t h e s e  a n a l y s e s  a r e  t h e  
f o l  lowing  : 

1. T o  o b t a i n  estimates of  t h e  v a l u e s  of t h e  time-of-day we igh t ing  
and t h e i r  95% c o n f i d e n c e  i n t e r v a l s  from a v a i l a b l e  s u r v e y  d a t a .  

2. T o  i d e n t i f y  me thodo log ica l  f a c t o r s  which a f f e c t  t h e  v a l i d i t y  
and r e l i a b i l i t y  of  estimates of time-of-day weights.  

3 .  T o  i d e n t i f y  t h e  t i m e s  of day d u r i n g  which no i se  causes t h e  
g r e a t  es t ann oyan ce . 
4 .  T o  measure t h e  d i f f e r e n c e s  between annoyance r e s p o n s e s  f o r  
d i f f e r e n t  t i m e  p e r i o d s  i n  d e c i b e l  u n i t s .  

5. T o  e v a l u a t e  t h e  v a l i d i t y  of  u s i n g  r e s u l t s  from such  t i m e -  
p e r i o d  annoyance r e s p o n s e s  t o  estimate time-of-day we igh t s .  

The f irst  s e c t i o n  of t h i s  r e p o r t  d e s c r i b e s  t h e  data base.  
Next estimates of  t h e  time-of-day weights and t h e i r  95% c o n f i d e n c e  
i n t e r v a l s  are p rov ided  from m u l t i p l e  r e g r e s s i o n  a n a l y s e s .  In  
t h e s e  a n a l y s e s  t h e  o v e r a l l  (24-hour)  annoyance r e sponse  is  pre-  
d i c t e d  from n o i s e  l e v e l s  d u r i n g  t i m e  p e r i o d s .  T h i s  section on 
direct  estimates of  time-of-day w e i g h t s  conc ludes  w i t h  an assess- 
ment of t h e  methodology. 
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The remainder  of t h e  p a p e r  c o n s i d e r s  a d i f f e r e n t  t y p e  of  
annoyance measure,  a measure o f  annoyance d u r i n g  each  s p e c i f i c  
t i m e  p e r i o d .  Such p e r i o d - s p e c i f i c  annoyance measures  do  n o t  
d i r e c t l y  i n d i c a t e  how n o i s e  i n  each  t i m e  p e r i o d  c o n t r i b u t e s  t o  an 
o v e r a l l  a s ses smen t  of  annoyance d u r i n g  t h e  e n t i r e  24-hour day. 
The f i r s t  a n a l y s e s  i n  t h i s  s e c t i o n  do,  however, p r o v i d e  in fo rma t ion  
a b o u t  t h e  t i m e s  which are r e p o r t e d  t o  be m o s t  annoying. The n e x t  
a n a l y s e s  measure t h e  g a p s  between r e s p o n s e s  i n  d i f f e r e n t  t i m e  
p e r i o d s  and e x p r e s s  t h e s e  annoyance d i f f e r e n c e s  i n  d e c i b e l s .  
F i n a l l y ,  an a s ses smen t  is made of  t h e  v a l i d i t y  of i n t e r p r e t i n g  
t h e s e  d e c i b e l  v a l u e s  as time-of-day we igh t s .  

SYMBOLS AND ABBREVIATIONS 

More d e t a i l s  f o r  n o i s e  i n d i c e s  and scales f o r  a c o u s t i c a l  
measurements can be found i n  g e n e r a l  n o i s e  r e f e r e n c e s  (e .g . ,  
B e n n e t t  and P e a r s o n s ,  1981)  . 
a , c , g , h , q  C o n s t a n t s  'used i n  time-of-day models 

A j  Annoyance f o r  p e r i o d  j 

A0 O v e r a l l  n o i s e  annoyance f o r  t h e  t o t a l  24-hour p e r i o d  

B P a r t i a l  r e g r e s s i o n  c o e f f i c i e n t  f o r  t i m e  p e r i o d  Cj) 
o r  n o i s e  index ( I )  

CNEL Community Noise E q u i v a l e n t  L e v e l ,  dB 

CNR Composite Noise R a t i n g  

Regress ion  c o e f f i c i e n t  f o r  dummy v a r i a b l e  for  p e r i o d  j D j  

L DN Day-night Average Sound Level  

LEQ j 

L I  Noise l e v e l  f o r  n o i s e  index  I ,  dB 

E q u i v a l e n t  c o n t i n u o u s  sound l e v e l  f o r  p e r i o d  j ,  d B  

L i j  Sound l e v e l  of  n o i s e  e v e n t  i i n  p e r i o d  j .  (Un les s  
o t h e r w i s e  s p e c i f i e d  t h i s  is norma l i zed  t o  a 24-hour 
p e r i o d .  Thus it is t h e  24-hr. LEQ v a l u e  f o r  e v e n t  i 
i n  p e r i o d  j .  The r e l a t i v e  sound p r e s s u r e  squa red  is 

L .  . / l o  
t h u s  1 0  13 ) .  

M 

N 

NEF 

Dummy v a r i a b l e  used i n  r e g r e s s i o n  a n a l y s i s  ( M = l  i f  
t h e  o b s e r v a t i o n  is i n  t h e  c a t e g o r y ) .  

Number of  n o i s e  e v e n t s  

Noise Exposure Forecast 



t j  

WECPNL 

A D J D  

A D J P  

A n o i s e  index  which is t h e  s a m e  as t h e  Noise and 
Number Index e x c e p t  t h a t  t h e  number w e i g h t i n g  is 
k=10 r a t h e r  r a t h e r  t han  k=15. The u n i t s  of t h i s  
i ndex  are l a b e l e d  " d e c i b e l s "  i n  t h i s  r e p o r t .  The 
d e c i b e l  u n i t  l a b e l  is s a t i s f a c t o r y  i n  t h i s  case 
because  t h e  l a b e l  is a p p l i e d  t o  o n l y  s m a l l  d i f f e r -  
e n c e s  between n o i s e  l e v e l s  i n  d i f f e r e n t  t i m e  p e r i o d s .  

Number of  hour s  i n  p e r i o d  j 

Weighted E q u i v a l e n t  Cont inuous P e r c e i v e d  Noise Leve l ,  
dB 

Add i t ion a 1  Subs c r i p t s 

Daytime p e r i o d  

Evening p e r i o d  

A s i n g l e  n o i s e  e v e n t  

Noise index  I 

A t i m e  p e r i o d  

A person 

Noise l e v e l  L 

N igh t t ime  p e r i o d  

O v e r a l l ,  24-hour p e r i o d  

Time-period Weight Symbols 

A d d i t i v e  a d j u s t m e n t  i n  d e c i b e l  d i f f e r e n c e  model , d B  

A d d i t i v e  a d j u s t m e n t  i n  independent  e f f e c t  model, d B  

Decibe l  v a l u e  t o  be  added t o  t h e  s i n g l e  e v e n t  sound 
l e v e l  o r  a s i n g l e  hour  L E 9  f o r  t i m e  j b e f o r e  be ing  
summed, ( d e c i b e l  w e i g h t ) ,  d B  

Weight t o  be m u l t i p l i e d  by number o f  e v e n t s  ( N )  o r  

r e l a t i v e  sound p r e s s u r e  s q u a r e d  (10  ) (number 
w e i g h t )  

( L i / l 0 )  

DATA FOR THE ANALYSES 

The data  used  i n  t h e  a n a l y s e s  p r e s e n t e d  i n  t h i s  r e p o r t  are  
drawn from 25 s u r v e y s  of  r e s i d e n t s '  r e s p o n s e s  t o  envi ronmenta l  
n o i s e .  The s u r v e y s  u s e  a wide range  of d i f f e r e n t  t y p e s  of  
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q u e s t i o n s  t o  measure p e o p l e ' s  r e s p o n s e s  t o  n o i s e  (appendix  A )  . 
The f u l l  t i t l e s  f o r  t h e  s u r v e y s  are g iven  i n  appendix  B t o g e t h e r  
w i t h  r e f e r e n c e  numbers which are  keyed t o  a c a t a l o g  of s u r v e y s  
which c o n t a i n s  a d e s c r i p t i o n  of  e a c h  su rvey  ( F i e l d s ,  1981) .  The 
p r imary  a n a l y s e s  f o r  t h i s  r e p o r t  are based on t e n  of  these s u r v e y s  
f o r  which t h e  comple te  d a t a  sets are a v a i l a b l e  i n  t h e  n o i s e  s u r v e y  
a r c h i v e  a t  t h e  NASA Langley Research  Center .  These are t h e  o n l y  
s u r v e y s  which c o u l d  be used i n  a n a l y s e s  r e l a t i n g  t o  t h e  f i r s t  
s t u d y  o b j e c t i v e ,  t h e  e s t i m a t i o n  of  time-of-day w e i g h t s  and t h e  
a p p r o p r i a t e  c o n f i d e n c e  i n t e r v a l s .  

The t e n  p r imary  s u r v e y s  are d e s c r i b e d  i n  t a b l e s  I and 11. 
From t a b l e  I it can be seen  t h a t  t h e  10  s u r v e y s  i n c l u d e  i n t e r -  
views f r o m  21,928 p e o p l e  drawn from f o u r  c o u n t r i e s .  A i r c r a f t ,  
road  t r a f f i c  and r a i l w a y  n o i s e  s o u r c e s  are c o n s i d e r e d .  For  s i x  
of t h e  s u r v e y s ,  even ing  n o i s e  l e v e l s  are a v a i l a b l e  a s  w e l l  as t h e  
n i g h t t i m e  l e v e l s .  The d e f i n i t i o n s  of  evening  and n i g h t t i m e  p e r i o d s  
fo r  t h e  p h y s i c a l  no ise  d a t a  are g iven  i n  table  I. 

Charac te r i s t ics  of  t h e  p h y s i c a l  n o i s e  l e v e l  d a t a  which r e l a t e  
t o  t h e  s t u d y  d e s i g n s  are  p r e s e n t e d  i n  t a b l e  I1 f o r  t h e  t e n  su rveys .  
The m o s t  i m p o r t a n t  c h a r a c t e r i s t i c  of t h e  n o i s e  envi ronments  is 
summarized i n  t h e  l a s t  f o u r  columns. The n o i s e  l e v e l s  i n  t h e  
v a r i o u s  p e r i o d s  are  h i g h l y  correlated. I n  n o  case is t h e  correla- 
t i o n  lower than  r=0.81. I n  h a l f  o f  t h e  s t u d i e s  t h e  c o r r e l a t i o n s  
are above r=0.90. These c o r r e l a t i o n s  a re  all between n o i s e  l e v e l s  
measured i n  d e c i b e l s ,  n o t  between t h e  l o g a r i t h m i c a l l y  t r ans fo rmed  
q u a n t i t i e s  which e n t e r  i n t o  t h e  a d j u s t e d  ene rgy  model. Nonethe- 
less, t h e  h i g h  correlat ions p r o v i d e  an i n d i c a t i o n  t h a t  problems 
i n  m u l t i c o l l i n e a r i t y  are l i k e l y .  Measures of a r i t h m e t i c  d i f f e r -  
e n c e s  between t h e  n o i s e  l e v e l s  i n  t h e  v a r i o u s  time-of-day p e r i o d s  
p r o v i d e  a s i m i l a r  i n d i c a t o r  i n  t h e  c e n t e r  columns of  t a b l e  11. 

ANALYSIS O F  OVERALL ANNOYANCE TO PROVIDE DIRECT ESTIMATES 
O F  TIME-OF-DAY WEIGHTS 

Direct estimates of t h e  time-of-day w e i g h t s  come from an 
e v a l u a t i o n  of  t h e  r e l a t i o n s h i p s  between r e s i d e n t s '  annoyance (24 -  
hour  summary n o i s e  a s s e s s m e n t s )  and t h e  n o i s e  l e v e l s  a t  d i f f e r e n t  
t i m e s  of day. The v a l u e s  of t h e  time-of-day w e i g h t s  can then  be 
found which p r o v i d e  t h e  best p r e d i c t i o n  of annoyance r e sponses .  
The " b e s t "  v a l u e  is d e f i n e d  as  one which minimizes  t h e  s q u a r e d  
errors i n  p r e d i c t i n g  annoyance scores. 

The  form of t h e  r e l a t i o n s h i p  between t o t a l  annoyance and t h e  
p e r i o d  n o i s e  l e v e l s  is s p e c i f i e d  by a model which combines t h e  
p e r i o d  n o i s e  l e v e l s .  Though s e v e r a l  models w i l l  be d i s c u s s e d  i n  
a l a t e r  s e c t i o n  of  t h i s  r e p o r t ,  t h e  m o s t  o f t e n  used  model is t h e  
c o n v e n t i o n a l  model d i s c u s s e d  i n  t h e  n e x t  s e c t i o n ,  t h e  a d j u s t e d  
e n e r g y  model . 
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E s t i m a t e s  of Parameters i n  t h e  Ad jus t ed  Energy Model 

The r e g r e s s i o n  e q u a t i o n  f o r  p r e d i c t i n g  o v e r a l l  annoyance can 
be e x p r e s s e d  i n  t h e  f o l l o w i n g  f a m i l i a r  form which p a r a l l e l s  t h e  
ear l ier  d e f i n i t i o n  of t h e  a d j u s t e d  ene rgy  model : 

( T o  s i m p l i f y  t h e  p r e s e n t a t i o n  of t h e  model, o n l y  t w o  p e r i o d s  have 
been r e p r e s e n t e d  h e r e .  In  t h e  data  a n a l y s i s ,  however, t h r e e  
p e r i o d s  ( i . e .  i n c l u d i n g  e v e n i n g )  w i l l  be cons ide red .  ) )  

The o b j e c t i v e  of t h e  a n a l y s i s  i n  t h i s  s e c t i o n  is t o  estimate 
t h e  time-of-day we igh t  which is t h e  r a t i o  of  t w o  of t h e  c o e f f i c i e n t s :  

As now p r e s e n t e d  t h e  model is o v e r - i d e n t i f i e d .  There are  
o n l y  t w o  independent  v a r i a b l e s  b u t  t h r e e  s l o p e s  are  b e i n g  es t imated 
B I ,  B d ,  and %. A unique  v a l u e  can n o t  be i d e n t i f i e d  f o r  each  
pa rame te r .  A un ique  s o l u t i o n  can be o b t a i n e d  i f  one of t h e  
p a r a m e t e r s  (Bd) is e l i m i n a t e d .  I f  t h e  sum of  t w o  o f  t h e  p a r t i a l  
r e g r e s s i o n  c o e f f i c i e n t s  is set  to one  ( B d  + % = I ) ,  then  t h e  
e q u a t i o n  can be w r i t t e n  i n  terms of t h e  dayt ime n o i s e  l e v e l  (which 
i n  set t o  have  a coeff ic ient  of one )  and  t h e  n i g h t t i m e  r e g r e s s i o n  
c o e f f i c i e n t  (Bn)  which i s  a p p l i e d  t o  t h e  d i f f e r e n c e  between t h e  
n i g h t t i m e  and dayt ime n o i s e  ( D I F ) .  T h i s  d i f f e r e n c e  between t h e  
t w o  n o i s e  l e v e l s  is d e f i n e d  as: 

Nn Lin/10 Nd L i d / l O  
D I F  = 1 10 - 1 10 

i=l i=l 

The r e g r e s s i o n  e q u a t i o n  can now be w r i t t e n  as: 

The  n i g h t t i m e  w e i g h t i n g  is now: 

The a d j u s t e d  ene rgy  model is n o t  l i n e a r  i n  i t s  p a r a m e t e r s ,  
t h u s  a n o n l i n e a r ,  i t e r a t i v e  r e g r e s s i o n  p rocedure  is used t o  f i n d  
v a l u e s  of  t h e  p a r a m e t e r s  which g i v e  a b e s t  f i t .  Most of  t h e  
a n a l y s e s  are  based  on t h e  u s e  of t h e  Marquardt min imiza t ion  
t e c h n i q u e  t o  f i n d  v a l u e s  of t h e  p a r a m e t e r s  which minimize t h e  
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r e s i d u a l  sums o f  s q u a r e s .  T h i s  t e c h n i q u e  is i n c o r p o r a t e d  i n  t h e  
NONLINEAR REGRESSION program i n  v e r s i o n  8.3 of t h e  S t a t i s t i c a l  
Package f o r  t h e  Social S c i e n c e s  (SPSS.., 1981) .  Some r e s u l t s  were 
compared w i t h  those o b t a i n e d  from a modi f ied  Gauss-Newton method 
which is used  i n  t h e  P3R program i n c l u d e d  i n  t h e  BMDP package o f  
programs (Dixon, 1983) .  

The r e s u l t s  from t h e  t o t a l  annoyance r e g r e s s i o n  a n a l y s e s  are 
p r e s e n t e d  i n  t a b l e  I11 for t h e  dichotomous time-period a n a l y s e s  
(day  and n i g h t )  and i n  t ab le  I V  f o r  t h e  t h r e e - p e r i o d  a n a l y s e s  (day ,  
even ing ,  n i g h t ) .  The  t o t a l  annoyance scales are of t w o  t y p e s .  
The "Verbal"  scales come f rom q u e s t i o n s  which p r e s e n t  a set  of 
v e r b a l  d e s c r i p t o r s  t o  t h e  respondent .  The 1967 Heathrow s u r v e y  
q u e s t i o n  is a t y p i c a l  v e r b a l  scale w i t h  f o u r  scale p o i n t s :  

Please l o o k  a t  t h i s  scale  and t e l l  m e  how much 
t h e  n o i s e  of t h e  a i r c r a f t  b o t h e r s  or annoys you. 

[ 4 1  V e r y  much 
131 Moderately 
121 A l i t t l e  
111 N o t  a t  a l l  

[The numbers i n  t h e  b r a c k e t s  are t h e  v a l u e s  a s s i g n e d  
t o  each  c a t e g o r y  f o r  t h e  a n a l y s i s .  The r e s p o n d e n t s  
do  n o t  i n  f a c t  see t h e  numbers.] 

The "Numeric" scales come from q u e s t i o n s  i n  which o n l y  t h e  
end p o i n t s  of t h e  scale  are g iven  v e r b a l  l a b e l s .  The scale from 
t h e  London t r a f f i c  s u r v e y  is a numer ic  scale: 

I want t o  a s k  you how you feel a b o u t  t r a f f i c  n o i s e  
h e r e  where you l i v e .  Looking a t  t h i s  c a r d  would you 
t e l l  m e  which number b e s t  r e p r e s e n t s  how you f e e l ?  

D e f i n i t e l y  s a t i s f a c t o r y  1 
2 
3 
4 
5 
6 

D e f i n i t e l y  u n s a t i s f a c t o r y  7 

The v a l u e s  f o r  t h e  pa r t i a l  r e g r e s s i o n  c o e f f i c i e n t s  and t h e  
s t a n d a r d  errors o f  t h o s e  c o e f f i c i e n t s  are p r e s e n t e d  i n  t h e  f irst  
t w o  columns of data i n  table 111. A l l  s t a n d a r d  errors are  ca lcu-  
l a t e d  u s i n g  t h e  j a c k k n i f e  r e p e a t e d  r e p l i c a t i o n  t e c h n i q u e  (appendix  
C ) .  The estimate o f  t h e  n i g h t t i m e  we igh t  is p r e s e n t e d  i n  t h e  nex t -  
t o - t h e - l a s t  column of t a b l e  111. The 95% c o n f i d e n c e  i n t e r v a l  fo r  
t h i s  we igh t  is c a l c u l a t e d  by t r a n s f o r m i n g  v a l u e s  of t h e  n i g h t t i m e  
p a r t i a l  r e g r e s s i o n  c o e f f i c i e n t  which are 1.96 s t a n d a r d  d e v i a t i o n s  
f rom t h e  e s t ima ted  v a l u e  (Bn + 1.96 Q UBn!. (The r a t i o n a l e  fo r  
b a s i n g  c o n f i d e n c e  i n t e r v a l s  on t h e  n i g h t t i m e  p a r t i a l  r e g r e s s i o n  
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c o e f f i c i e n t  r a t h e r  than  on t h e  n i g h t t i m e  weight  is p rov ided  i n  
appendix D . )  

T h e  s t a n d a r d  errors of  t h e  p a r t i a l  r e g r e s s i o n  c o e f f i c i e n t s  
f o r  t h e  t o t a l  n o i s e  index i n d i c a t e  t h a t  t h i s  c o e f f i c i e n t  is gen- 
e r a l l y  p r e c i s e l y  es t imated and h i g h l y  s t a t i s t i c a l l y  s i g n i f i c a n t  
(p<O.Ol).  The estimates of  t h e  n i g h t t i m e  p a r t i a l  r e g r e s s i o n  coef- 
f i c i e n t  are n o t  as p r e c i s e .  The e f f e c t  of t h i s  imprec i s ion  is 
e v i d e n t  i n  t h e  l a r g e  95% conf idence  i n t e r v a l s  fo r  t h e  estimates 
of t h e  n i g h t t i m e  we igh t  (Wn) i n  t a b l e  111. 

T h e  es t imates  of t h e  n i g h t t i m e  w e i g h t s  are t h e  c h i e f  i t e m s  
of i n t e r e s t  i n  t a b l e  111. These estimates v a r y  from -1.0 (1967 
Heathrow s t u d y )  t o  p l u s  i n f i n i t y  (F rench  Expressway Survey) .  Thus, 
t h e  s u r v e y s  do  n o t  p r o v i d e  s imi l a r  estimates. The i n d i v i d u a l  
s u r v e y  estimates are n o t  p r e c i s e .  The '*+ma i n d i c a t o r  i n  t h e  
l a s t  column f o r  e v e r y  su rvey  shows t h a t  none of t h e  s u r v e y s  c o u l d  
i d e n t i f y  an uppe r  l i m i t  f o r  a conf idence  i n t e r v a l  f o r  t h e  n i g h t -  
t i m e  we igh t ing .  The  lower l i m i t  f o r  t h e  conf idence  i n t e r v a l s  is 
n e g a t i v e  for  n i n e  of t h e  f i f t e e n  estimates. A n e g a t i v e  v a l u e  f o r  
t h e  weight  i m p l i e s  t h a t  i n c r e a s i n g  t h e  n i g h t t i m e  n o i s e  reduces 
annoyance. Thus,  n i n e  of t h e  f i f t e e n  e s t i m a t e s  do n o t  p r o v i d e  
u s e f u l  v a l u e s  f o r  t h e  lower 95% conf idence  i n t e r v a l .  

The q u a l i t y  of t h e  estimates of t h e  n i g h t t i m e  w e i g h t s  can 
a l s o  be summarized w i t h  t h e  c o e f f i c i e n t  of v a r i a t i o n .  The c o e f f i -  
c i e n t  of v a r i a t i o n  is t h e  s t a n d a r d  d e v i a t i o n  o f  a s t a t i s t i c  d i v i d e d  
by t h e  s t a t i s t i c .  G e n e r a l l y  a c o e f f i c i e n t  of v a r i a t i o n  f o r  t h e  
denominator  of  a r a t i o  shou ld  be n o  greater than  0.1. The c o e f f i -  
c i e n t s  of v a r i a t i o n  i n  t h e  l a s t  column of t a b l e  I11 are i n  e v e r y  
case g r e a t e r  than  0.5. ( T h e  denominator  of t h e  r a t i o  w i t h  which 
w is c a l c u l a t e d  was d e f i n e d  above as  1-k. The s t a n d a r d  devia-  
t i o n  of 1-& is t h e  same as  fo r  &.) The c h i e f  f i n d i n g  i n  t a b l e  
I11 is t h u s  t h a t  n o  s i n g l e  su rvey  p r o v i d e s  a s a t i s f a c t o r i l y  pre-  
c ise  est imate  of t h e  n i g h t t i m e  weight .  

r! 

The da t a  which p r o v i d e  such  poor  estimates of  t h e  time-of-day 
w e i g h t s  are a l so  b e i n g  used t o  p r o v i d e  t h e  estimates of t h e  s t a n d -  
a rd  errors. Thus t h e  estimates of t h e  s t a n d a r d  errors are a l so  
imprec i se .  I t  s h o u l d  t h u s  be expec ted  t h a t  such  sampl ing  errors  
w i l l  lead t o  o c c a s i o n a l  estimates of  t h e  s t a n d a r d  errors which 
are much more or  much less p r e c i s e  t h e  estimates s u g g e s t .  Given 
t h e  s i m i l a r i t y  i n  t h e  d e s i g n  of  a l l  t h e  s u r v e y s ,  n o  p a r t i c u l a r  
su rvey  estimate s h o u l d  be c o n s i d e r e d  t o  be h i g h l y  p r e c i s e  s imply  
from t h e  c a l c u l a t e d  v a l u e  of t h e  s t a n d a r d  error. Thus it s h o u l d  
n o t  be assumed t h a t  t h e  n i g h t t i m e  weight  m u s t  be a t  l e a s t  wn=4 
because  one s u r v e y  (Western O n t a r i o )  p r o v i d e s  a lower c o n f i d e n c e  
i n t e r v a l  of  wn=4. 

E s t i m a t e s  of even ing  w e i g h t s  are p r e s e n t e d  i n  t a b l e  I V  f o r  
t h e  f i v e  s u r v e y s  which c a l c u l a t e d  evening  n o i s e  exposures .  For 
these s u r v e y s  t h e  dayt ime p e r i o d  which w a s  d e f i n e d  i n  t a b l e  I11 
has now been d i v i d e d  i n t o  t w o  smaller p e r i o d s ,  a dayt ime p e r i o d  
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2nd an even ing  p e r i o d .  The p a r t i a l  r e g r e s s i o n  c o e f f i c i e n t s ,  t i m e -  
of-day w e i g h t s ,  s t a n d a r d  errors and c o n f i d e n c e  i n t e r v a l s  f o r  t h e s e  
t w o  p e r i o d s  are p r e s e n t e d  i n  t h e  s a m e  form as  i n  t a b l e  111. The 
c o n f i d e n c e  i n t e r v a l s  are so great i n  each  case as t o  encompass 
b o t h  t h e  estimate t h a t  r e s p o n s e  is t o t a l l y  c o n t r o l l e d  by t h e  n i g h t  
(o r  e v e n i n g )  n o i s e  ( w i = + w )  as w e l l  a s  t h e  estimate t h a t  re- 
sponse  is  t o t a l l y  c o n t r o l l e d  by dayt ime n o i s e  ( W i < O ) .  The  so le  
p o s i t i v e  v a l u e  f o r  t h e  lower 95% c o n f i d e n c e  i n t e r v a l  is  o n l y  wi=Oo5 
( B r i t i s h  Railway S u r v e y ) .  The estimates from t h e  i n d i v i d u a l  s u r -  
veys  are t h u s  again so i n a c c u r a t e  a s  t o  n o t  be u s e f u l .  The  esti- 
mates do n o t  p r o v i d e  a b a s i s  fo r  d e t e r m i n i n g  whether  there shou ld  
b e  time-of-day we igh t s .  They do n o t  h e l p  t o  d e t e r m i n e  whether  
even ing  o r  n i g h t  is t h e  more s e n s i t i v e  t i m e  p e r i o d .  

I n  an a t t e m p t  t o  produce a u s e f u l  summary of  t h e  s t u d y  f ind -  
i n g s ,  t h e  i n d i v i d u a l  s t u d y  estimates have been combined u s i n g  s i x  
d i f f e r e n t  methods i n  t a b l e  V. The estimates of  t h e  n i g h t t i m e  
w e i g h t s  come f r o m  n i n e  of t h e  w e i g h t s ,  wn, ( f i r s t  l i n e  of t a b l e  
V) is p l u s  i n f i n i t y  because  t h r e e  of t h e  s t u d i e s  i n  table  I11 pro-  
duced n i g h t t i m e  we igh t  estimates of w,=+... The midd le  v a l u e  
( m e d i a n )  f o r  t h e  w e i g h t s  is  wn=2.6. The med ian ,  however, is o n l y  
based  on t h e  middle  v a l u e  and does n o t  t a k e  i n t o  account t h e  pa t -  
t e r n  of d i s p e r s i o n  a b o u t  t h a t  c e n t r a l  va lue .  

The estimates of t h e  n i g h t t i m e  w e i g h t  i n  t h e  r e m a i n d e r  of 
t a b l e  V are  formed by a v e r a g i n g  t h e  n i g h t t i m e  r e g r e s s i o n  c o e f f i -  
c i e n t  ( &  and then  c a l c u l a t i n g  t h e  co r re spond ing  time-of-day 
w e i g h t  from t h a t  a v e r a g e  (Wn = Bn/ ( l -&) .  T h i s  somewhat i n d i r e c t  
approach  h a s  t h e  advan tage  t h a t  a v e r a g e s  are c a l c u l a t e d  on a 
s t a t i s t i c  which has a r e l a t i v e l y  c o n t i n u o u s  d i s t r i b u t i o n  and a 
r e l a t i v e l y  normal sampl ing  d i s t r i b u t i o n  (appendix  D). The s i m p l e  
a v e r a g e  of t h e  1 4  e s t i m a t e s  of t h e  p a r t i a l  r e g r e s s i o n  c o e f f i c i e n t  
p r o v i d e s  an estimate of wn=1.6.- T h i s  estimate i g n o r e s  t h e  v a r i -  
a t i o n  i n  t h e  accuracies of t h e  d i f f e r e n t  s t u d y  samples .  A s i m p l e  
w e i g h t i n g  by number of i n t e r v i e w s  g i v e s  an estimate of wnz2.8, 
b u t  s t i l l  does n o t  t a k e  i n t o  accoun t  any of  t h e  other s t u d y  d e s i g n  
f a c t o r s  which  would a f f e c t  t h e  accu racy  of  t h e  estimate. Convent- 
i o n a l l y ,  such  factors  can be accounted  for  by w e i g h t i n g  s t u d y  
estimates by t h e  accu racy  of t h e i r  estimates ( t h e  i n v e r s e  of t h e  
v a r i a n c e ) .  The  n e x t  l i n e s  o f  t a b l e  V show t h a t  t h i s  v a l u e  depends 
on which v a r i a n c e  is used  t o  i n d i c a t e  accu racy .  The v a r i a n c e  of 
t h e  p a r t i a l  r e g r e s s i o n  c o e f f i c i e n t  ( 0 2 B n )  p r o v i d e s  a mean of  24.7. 
While t h e  v a r i a n c e  of t h e  n i g h t t i m e  we igh t s  (ow,) p r o v i d e s  an es t i -  
mate of  W n = O . l .  ( T h i s  is because  t h e  estimates of  t h e  p a r a m e t e r s  
and t h e i r  v a r i a n c e s  are n o t  i ndependen t . )  The i n a c c u r a c i e s  i n  
t h e  estimates of t h e s e  v a r i a n c e s  ( n o t e d  ear l ier)  mean t h a t  n e i t h e r  
v a r i a n c e  p r o v i d e s  a good bas i s  f o r  w e i g h t i n g  t h e  s t u d y  estimates. 

A l l  of t h e  c e n t r a l  t endency  measures  have d e f i c i e n c i e s  which 
are  n o t e d  i n  t h e  l a s t  column of t ab l e  V. The r ange  of estimates 
f o r  mean v a l u e s  and t h e  i n a c c u r a c i e s  i n  t h e  estimates from s i n g l e  
s t u d i e s  ( t a b l e s  I11 and I V )  suggest t h a t  t h e  d a t a  do n o t  p r o v i d e  
any clear e v i d e n c e  a b o u t  t h e  v a l u e  of t h e  n i g h t t i m e  weight ing .  
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Two p o s s i b l e  methodologica l  e x p l a n a t i o n s  f o r  t h e  i n a b i l i t y  
t o  estimate t h e  time-of-day we igh t s  w i l l  be examined i n  t h e  n e x t  
t w o  s e c t i o n s .  The p o s s i b i l i t y  t h a t  o t h e r  time-of-day models 
might  more c l o s e l y  f i t  human r e s p o n s e s  w i l l  be e x p l o r e d  f i r s t .  
The p o s s i b i l i t y  t h a t  v a r i a t i o n s  i n  t h e  annoyance q u e s t i o n s  cou ld  
be c r e a t i n g  v a r i a t i o n s  i n  t h e  time-of-day w e i g h t s  w i l l  then be 
c o n s i d e r e d  . 

Comparison s w i t h  A 1  t e r n  a t  i v e  Model s 

Only t h e  a d j u s t e d  ene rgy  model h a s  been used  i n  n o i s e  
r e g u l a t i o n s .  S t u d i e s  of r e s i d e n t s '  r e s p o n s e s  t o  noise have 
o c c a s i o n a l l y  a n a l y z e d  r e s p o n s e s  u s i n g  e i ther  of  t w o  o t h e r  models: 
t h e  independent  e f f e c t  model or t h e  d e c i b e l  d i f f e r e n c e  model. 
T h i s  w o r k  h a s  been reviewed i n  an ear l ie r  p u b l i c a t i o n  ( F i e l d s ,  
1 9 8 5 ) .  

With t h e  f irst  of  these models, t h e  independent  e f f ec t  model,  
it is assumed t h a t  t h e  s e n s i t i v i t y  t o  n o i s e  i n  any p a r t i c u l a r  
t i m e  p e r i o d  is u n a f f e c t e d  by t h e  no i se  l e v e l s  i n  any o ther  t i m e  
p e r i o d s .  I f  t h e r e  are d i f f e r e n c e s  i n  t h e  s e n s i t i v i t y  t o  t h e  
n o i s e  i n  t w o  p e r i o d s ,  t h i s  d i f f e r e n c e  o c c u r s  because  changes i n  
n o i s e  l e v e l s  i n  t h e  s e n s i t i v e  p e r i o d  w i l l  have a g r e a t e r  impact  
on annoyance than  changes i n  n o i s e  l e v e l s  i n  t h e  o t h e r  p e r i o d .  
The e q u a t i o n  f o r  p r e d i c t i n g  annoyance u s i n g  t h i s  model is  a s i m p l e  
l i n e a r  m u l t i p l e  r e g r e s s i o n  equa t ion  i n  which t h e  n o i s e  l e v e l s  f o r  
t h e  p e r i o d s  are independent  v a r i a b l e s :  

A time-of-day ad jus tmen t  for t h i s  model can be e x p r e s s e d  in  
terms of  t h e  number of d e c i b e l s  i n  t h e  dayt ime which would b r i n g  
a b o u t  t h e  same change i n  annoyance a s  a s i n g l e  d e c i b e l  i n  t h e  
evening  or t h e  n i g h t :  

A D J P e  = 
Le 

B - 
BLd 

an d 

The second a l t e r n a t i v e  t o  t h e  a d j u s t e d  ene rgy  model is the 
d e c i b e l  d i f f e r e n c e  model. In t h i s  model it is  assumed t h a t  
annoyance is independen t ly  a f f e c t e d  by t h e  n o i s e  l e v e l  for  t h e  
t o t a l  24-hour p e r i o d  (24-hour LEQ) and the  number of d e c i b e l s  
which s e p a r a t e  t h e  n o i s e  l e v e l s  i n  t h e  t i m e  p e r i o d s .  The model 
f o r  t w o  p e r i o d s  is t h e  fo l lowing :  
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A time-of-day a d j u s t m e n t  for  t h i s  model can be d e f i n e d  as t h e  
d i f f e r e n c e  between t h e  dayt ime and n i g h t t i m e  n o i s e  l e v e l s  which 
is e q u i v a l e n t  t o  a one-dec ibe l  e f f e c t  of t h e  24-hour n o i s e  l e v e l  
(LEQ)  

Bdn 
B 

A D J D  = i-- 

L24 

I f  t h e  n i g h t t i m e  n o i s e  is more annoying,  t h e  a d j u s t m e n t  would 
be  n e g a t i v e .  Fo r  t h i s  model an ad jus tmen t  is s u b t r a c t e d  from t h e  
24-hour index  (24-hour LEQ) .  The g r e a t e s t  a d j u s t m e n t  is  made when 
n i g h t t i m e  n o i s e  l e v e l s  are low r e l a t i v e  t o  t h e  dayt ime l e v e l s ,  

The  v a r i o u s  n i g h t t i m e  models are compared i n  table  V I .  I n  
t h e  t a b l e  t h e  p e r c e n t a g e  of v a r i a n c e  e x p l a i n e d  (R2) by each of 
t h e  models has been computed f o r  23 annoyance scales  drawn from 
t h e  t e n  s u r v e y s .  A s  a p o i n t  of r e f e r e n c e ,  t h e  r e s u l t s  for  LEQ 
and LDN are a l so  p r e s e n t e d .  The v a l u e  of  t h e  time-of-day a d j u s t -  
ment which is a p p r o p r i a t e  for each  model is found i n  b r a c k e t s  " E  I "  
i n  each cel l  of  t h e  t a b l e .  

The d i f f e r e n c e s  i n  t h e  p e r c e n t a g e  of v a r i a n c e  e x p l a i n e d  by 
t h e  a l t e r n a t i v e  models i n  t ab l e  V I  are  s m a l l .  For n i n e  of t h e  
t e n  s u r v e y s  t h e  d i f f e r e n c e s  are less t h a n  one p e r c e n t .  Any weak 
p a t t e r n s  i n  t h e  d a t a  do n o t  s u p p o r t  t h e  a l t e r n a t i v e s  t o  t h e  ad- 
j u s t e d  ene rgy  model. 

The time-of-day w e i g h t s  are f i x e d  in  LEQ and LDN. As a r e s u l t  
i n  t a b l e  V I  t h e  c o r r e l a t i o n s  fo r  LEQ and LDN are s l i g h t l y  lower 
than  f o r  t h e  remain ing  i n d i c e s  i n  which t h e  time-of-day w e i g h t i n g  
is allowed t o  t a k e  on a v a l u e  which is op t ima l  f o r  t h e  p a r t i c u l a r  
da t a  set .  The independent  e f f e c t  model n e v e r  produces  t h e  h i g h e s t  
c o r r e l a t i o n s  w i t h  annoyance. The d e c i b e l  d i f f e r e n c e  and t h e  ad- 
j u s t e d  ene rgy  models ( two-pe r iod )  per form e q u a l l y  w e l l  i n  t a b l e  V I .  

From t a b l e  V I  it is clear  t h a t  t h e  d i f f i c u l t i e s  i n  e s t i m a t i n g  
a time-of-day a d j u s t m e n t  do n o t  d e r i v e  from t h e  model; t h e  a d j u s t e d  
ene rgy  model per forms as  w e l l  a s  t h e  other proposed  models. 

Comparison s of A1 t e  m a t i v e  Ann oyan ce Q u e s t  i o n s  

Est imates  of t h e  n i g h t t i m e  weights  are compared f o r  e i g h t  
t y p e s  of annoyance q u e s t i o n s  i n  t a b l e  V I I .  The r e l e v a n t  compar- 
i s o n s  i n  t h i s  t a b l e  are  between d i f f e r e n t  t y p e s  o f  q u e s t i o n s  for  
t h e  same s u r v e y s .  

An examinat ion  of  t h e  n i g h t t i m e  w e i g h t s  i n  t a b l e  V I 1  shows 
t h a t  t h e r e  is n o t  a r e l a t i o n s h i p  between t h e  t y p e  of q u e s t i o n  
and t h e  estimate of  t h e  n i g h t t i m e  weight .  T h i s  is t r u e  even when 
c l o s e l y  matched p a i r s  of  q u e s t i o n s  are compared i n  which one ques- 
t i o n  e x p l i c i t l y  refers t o  t h e  dayt ime and t h e  o t h e r  e x p l i c i t l y  
refers t o  t h e  n i g h t t i m e  ( l a s t  f o u r  columns of t a b l e  V I I ) .  
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For example,  though t h e  1967 Heathrow n i g h t t i m e  q u e s t i o n  y i e l d s  a 
h i g h e r  we igh t  (wnz2.6) t han  t h e  dayt ime q u e s t i o n  (Wn=lsO), t h e  
England t r a f f i c  s u r v e y  d i s p l a y s  e x a c t l y  t h e  o p p o s i t e  p a t t e r n  i n  
t h e  n e x t  l i n e :  t h e  q u e s t i o n  abou t  s l e e p  d i s t u r b a n c e  y i e l d s  a lower 
n i g h t t i m e  w e i g h t i n g  (wn=2.6) than does a q u e s t i o n  a b o u t  speech  
i n t e r f e r e n c e  (wn=3.0). Without a p a t t e r n  f o r  t h e s e  e x p l i c i t  t i m e -  
p e r i o d  q u e s t i o n s  it is u n d e r s t a n d a b l e  t h a t  n o  p a t t e r n  emerged when 
t h e  w e i g h t s  f o r  t h e  more s t a n d a r d  "no t i m e  p e r i o d  impl i ed"  ques- 
t i o n s ,  t h e  t y p e s  of q u e s t i o n s  used  i n  t h e  p r e v i o u s  a n a l y s e s ,  were 
examined i n  t h e  f i r s t  t h r e e  columns of t a b l e  V I I .  

The r e s u l t s  from t a b l e  V I 1  show t h a t  t h e  estimates of  t h e  
n i g h t t i m e  w e i g h t i n g  p r e s e n t e d  ea r l i e r  i n  t h i s  r e p o r t  have n o t  been 
b i a s e d  by t h e  t y p e  of q u e s t i o n n i a r e  i t e m  o r  t h e  d i v i s i o n  o f  t h e  
scales. A comparison of t h e  estimates of t h e  even ing  w e i g h t i n g s  
i n  t ab l e  I V  leads t o  t h e  s a m e  conc lus ion .  

The  f a c t  t h a t  t h e  e x p l i c i t  n i g h t t i m e  q u e s t i o n s  are n o t  associ- 
a ted  w i t h  h i g h  n i g h t t i m e  w e i g h t i n g s  is impor t an t .  S i n c e  a q u e s t i o n  
abou t  n i g h t t i m e  annoyance does n o t  lead t o  an index which h e a v i l y  
w e i g h t s  n i g h t t i m e  n o i s e ,  t hen  it shou ld  n o t  be e x p e c t e d  t h a t  a ques- 
t i o n  a b o u t  o v e r a l l  annoyance i n  t h e  same s t u d y  would be a b l e  t o  
p r o v i d e  a s a t i s f a c t o r y  estimate of t h e  w e i g h t i n g  of n i g h t t i m e  n o i s e .  

S e v e r a l  e x p l a n a t i o n s  might be o f f e r e d  as  t o  why a n i g h t t i m e  
q u e s t i o n  does n o t  e l i c i t  a h i g h  n i g h t t i m e  n o i s e  we igh t ing .  I t  may 
be t h a t  p e o p l e  are n o t  s e n s i t i v e  t o  t h e  amount of n i g h t t i m e  n o i s e .  
T h i s  e x p l a n a t i o n  can n o t ,  however, be tested because  t h e  l a r g e  
s t a n d a r d  errors f o r  t h e  estimates of  t h e  n i g h t t i m e  w e i g h t i n g s  i n  
t h e  p r e v i o u s  a n a l y s e s  have shown t h a t  t h e  s e n s i t i v i t y  of t h e  popula- 
t i o n  can n o t  be e s t a b l i s h e d  w i t h  t h e - a v a i l a b l e  data .  There  cou ld  
c o u l d  be  i m p o r t a n t  d i f f e r e n c e s  between r e s p o n s e s  t o  t h e  d i f f e r e n t  
q u e s t i o n s ,  b u t  t h e  s t a n d a r d  errors of  t h e  s t a t i s t i c s  are  so l a r g e  
t h a t  even q u i t e  l a r g e  d i f f e r e n c e s  cou ld  n o t  be r e l i a b l y  e s t a b l i s h e d  
w i t h  t h e  e x i s t i n g  da ta  sets. 

Sources  of I n a c c u r a c i e s  i n  E s t i m a t e s  of 
Time-of -Day Weights 

The s t a n d a r d  errors of r a t i o s  of r e g r e s s i o n  c o e f f i c i e n t s ,  such  
as  t h e  time-of-day w e i g h t s ,  are a f u n c t i o n  of  f o u r  broad  categories 
of f a c t o r s :  human r e s p o n s e  c h a r a c t e r i s t i c s ,  sample s i z e ,  v a r i a t i o n  
i n  t h e  v a l u e s  of t h e  independent  v a r i a b l e s  ( n o i s e  l e v e l s )  and corre- 
l a t i o n s  between t h e  independent  v a r i a b l e s .  The f i r s t  three f a c t o r s  
have been p r e s e n t  when p a r a m e t e r s  o t h e r  than  t h e  time-of-day weight-  
i n g  have been s u c c e s s f u l l y  estimated by t h e  s u r v e y s  used i n  these 
a n a l y s e s .  The a b i l i t y  of  a l l  of t h e  s u r v e y s  t o  e s t a b l i s h  r e l i a b l e  
r e l a t i o n s h i p s  between o v e r a l l  n o i s e  l e v e l s  and annoyance is demon- 
s t ra ted  by t h e  s m a l l  s t a n d a r d  errors f o r  t h e  t o t a l  n o i s e  index  
p a r t i a l  r e g r e s s i o n  c o e f f i c i e n t s  i n  t a b l e  111. In a n o t h e r  p u b l i -  
c a t i o n  s e v e r a l  of t h e  s u r v e y s  p rov ided  r e l a t i v e l y  p r e c i s e  estimates 
of t h e  r e l a t i v e  e f f e c t  of n o i s e  l e v e l  and number of  e v e n t s  ( F i e l d s ,  
1984) .  
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One f e a t u r e  which s h a r p l y  d i s t i n g u i s h e s  t h e s e  time-of-day 
a n a l y s e s  from other a n a l y s e s  is the  h igh  c o r r e l a t i o n  between t h e  
independent  v a r i a b l e s .  I n  t ab l e  I1 it was seen  t h a t  c o r r e l a t i o n s  
between t h e  independen t  v a r i a b l e s  ( n o i s e  l e v e l s  a t  d i f f e r e n t  t i m e s  
o f  day )  are  as  h i g h  as  r=0.97 and n e v e r  lower than  r=0.82. The 
f o r m u l a  f o r  e s t i m a t i n g  t h e  s t a n d a r d  errors of t h e  time-of-day 
w e i g h t s  show t h a t  w i t h  such  h i g h  i n t e r c o r r e l a t i o n s  it is imposs- 
i b l e  t o  c r e a t e  a c c u r a t e  estimates w i t h  economical  sample s i z e s  
( F i e l d s ,  1985b: p .14) .  

The i n a c c u r a c y  i n  t h e  estimates h a s  n o t  been e x p l i c i t l y  n o t e d  
i n  p r e v i o u s  s u r v e y  p u b l i c a t i o n s  because  s t a n d a r d  errors of  esti- 
mates of t i m e  of day we igh t s  have n o t  a c t u a l l y  been c a l c u l a t e d .  
Although an A u s t r a l i a n  s t u d y  d i d  a t t e m p t  t o  d e t e r m i n e  whether  t h e  
n o i s e  l e v e l s  i n  each of  t h e  t i m e  p e r i o d s  had an independent  e f f e c t  
on annoyance ( B u l l e n  and Hede, 1 9 8 3 ) ,  t h e  s t u d y  d i d  n o t  i n  f a c t  
t e s t  f o r  t h e  s i g n i f i c a n c e  of t h e  d i f f e r e n c e  between d i f f e r e n t  es t i -  
mates (see d i s c u s s i o n  i n  appendix  C ) .  

The  a n a l y s e s  p r e s e n t e d  up t o  t h i s  p o i n t  show t h a t  d i r ec t  es t i -  
mates of  time-of-day w e i g h t s  are n o t  a v a i l a b l e  from s u r v e y  data.  
The remain ing  s e c t i o n s  of  t h e  r e p o r t  examine t h e  annoyance respon- 
ses fo r  p a r t i c u l a r  t i m e  p e r i o d s .  The annoyance r e s p o n s e s  for  t h e  
d i f f e r e n t  p e r i o d s  are compared. The p o s s i b i l i t y  of  u s i n g  t h e s e  
p e r i o d  r e s p o n s e s  as a b a s i s  f o r  i n d i r e c t  estimates of  time-of-day 
w e i g h t s  is e x p l o r e d .  

ANALYSES OF MEASURES O F  ANNOYANCE I N  TIME PERIODS 

P e o p l e ' s  f e e l i n g s  a b o u t  n o i s e  i n  p a r t i c u l a r  t i m e  p e r i o d s  can 
be  measured w i t h  q u e s t i o n s  which a s k  them t o  e i t h e r  score or rank- 
order t h e  annoyance f e l t  d u r i n g  each  pe r iod .  Both t y p e s  of ques- 
t i o n s  r e f e r  t o  annoyance d u r i n g  s p e c i f i c  t i m e  p e r i o d s  and  t h u s  
d i f f e r  from t h e  q u e s t i o n s  examined i n  t h e  p r e v i o u s  s e c t i o n .  I n  
t h e  p r e v i o u s  s e c t i o n  a s i n g l e  annoyance r a t i n g  w a s  o b t a i n e d  f o r  
t h e  e n t i r e  24-hour p e r i o d .  

I n i t i a l l y ,  i n  t h i s  s e c t i o n ,  f e e l i n g s  a b o u t  n o i s e  are examined 
t o  i d e n t i f y  t h e  t i m e s  of day when peop le  s a y  t h e y  are m o s t  annoyed 
i n  r e s i d e n t i a l  areas, i r r e s p e c t i v e  of n o i s e  l e v e l .  Later s e c t i o n s  
i n t r o d u c e  c o n t r o l s  fo r  n o i s e  l e v e l s  and c o n s i d e r  t h e  c o n c l u s i o n s  
which can be  drawn from a n a l y s e s  of t h e s e  t ime-per iod  annoyance 
q u e s t i o n  s . 

Rankings of Annoyance i n  T i m e  Periods: 
N o  Con t ro l  fo r  Noise Level  

I n  t h i s  s e c t i o n  t h e  p r e s e n t a t i o n s  of annoyance r e s p o n s e s  with- 
o u t  n o i s e  l e v e l  make it p o s s i b l e  t o  go beyond t h e  10 p r imary  data 
sets  a t  NASA t o  i n c l u d e  data  from a d d i t i o n a l  su rveys .  Annoyance 
w i t h  n o i s e  d u r i n g  d i f f e r e n t  t i m e s  of day is p r e s e n t e d  f o r  2 1  ques- 
t i o n s  drawn f r o m  18  s u r v e y s  i n  f i g u r e s  1 t o  6 and summarized i n  
t a b l e  V I I I .  The q u e s t i o n s  used i n  t h e  18  s u r v e y s  v a r y  c o n s i d e r a b l y .  

-15- 



Key p h r a s e s  f r o m  t h e  q u e s t i o n n i a r e  i t e m s  are used as  l a b e l s  t o  t h e  
l e f t  o f  e a c h  of t h e  f i g u r e s .  T h e  q u e s t i o n n a i r e  i t e m s  are repro-  
duced verba tum i n  a s e p a r a t e  s e c t i o n  of appendix  A.  

Many o f  t h e  m o s t  i m p o r t a n t  d i f f e r e n c e s  between t h e  q u e s t i o n -  
n a i r e  i t e m s  are e v i d e n t  from t h e  l a b e l s  i n  t h e  f i g u r e s .  When re- 
sponden t s  are asked  t o  rank t h e  p e r i o d s  a c c o r d i n g  t o  which p e r i o d  
is worst (eg. 1961 Heathrow su rvey  i n  f i g u r e  l ( a ) )  t h e  f i g u r e s  d i s -  
p l a y  t h e  p e r c e n t a g e  of  t h e  sample which choose each  t i m e  p e r i o d  
a s  t h e  most annoying.  When r e sponden t s  are asked  t o  score e a c h  
of t h e  p e r i o d s  s e p a r a t e l y  on a scale (eg. 1967 Heathrow s u r v e y  i n  
f i g u r e  l ( b ) )  t h e  f i g u r e s  d i s p l a y  t h e  a v e r a g e  of  t h e  scores f o r  
each p e r i o d .  

The q u e s t i o n s  a l so  d i f f e r  i n  t h e  number and d e f i n i t i o n  of 
t h e  p e r i o d s  which were p r e s e n t e d  t o  r e sponden t s .  Two q u e s t i o n s  
a s k  a b o u t  o n l y  t w o  p e r i o d s  ( n i g h t  and d a y )  b u t  t h e  remainder  a s k  
about  a t  l e a s t  three p e r i o d s .  When in fo rma t ion  is a v a i l a b l e  abou t  
hour s  which a re  t o  be inc luded  i n  t h e  p e r i o d ,  t h e  h o u r s  are g iven  
below t h e  f i g u r e s  (eg. 1961 Heathrow s u r v e y  i n  f i g u r e  l ( a ) ) .  I f  
t h e  p e r i o d s  are  o n l y  d e f i n e d  by a v e r b a l  l abe l  then  t h e  l abe l s  a re  
p r e s e n t e d  i n  q u o t a t i o n  marks below a f i g u r e  and t h e  boundary be- 
tween t h e  p e r i o d s  is marked w i t h  a crooked l i n e  (eg. 1967 Heathrow 
su rvey  i n  f i g u r e  l ( b ) ) .  The numer ica l  l a b e l  is used  a s  t h e  f i g u r e  
l abe l  even i f  t h e  t i m e  is o n l y  i n d i c a t e d  i n  p a r e n t h e t i c a l  i n s t r u c -  
t i o n s  t o  t h e  i n t e r v i e w e r  and may n o t  have been read t o  each  respond- 
e n t .  

The f i g u r e s  d i f f e r  i n  whether  or n o t  p e r c e n t a g e s  are p r e s e n t e d  
fo r  t h e  number of r e s p o n d e n t s  who s a y  t h e y  are  e i t h e r  n e v e r  bother -  
e d  by n o i s e  o r  a lways  bo the red .  While n o i s e  c o n d i t i o n s  may have 
some marg ina l  e f f e c t  on t h e  l i k e l y h o o d  of such  r e s p o n s e s ,  t h e  major 
r eason  t h a t  t h e  s u r v e y s  d i f f e r  is methodological. Some s t u d i e s  
encourage  such  r e s p o n s e s  i n  t h e  q u e s t i o n n i a r e  and r e p o r t  t h e  re- 
s u l t s  i n  p u b l i c a t i o n s  w h i l e  o t h e r  s t u d i e s  may n o t  make a l lowances  
f o r  such  r e s p o n s e s  i n  t h e  q u e s t i o n n a i r e  o r  may n o t  r e p o r t  t h e s e  
r e s p o n s e s  s e p a r a t e l y  . 

I t  is n o t  p o s s i b l e  t o  de t e rmine  e x a c t l y  how r e s p o n d e n t s '  an- 
swers are a f f e c t e d  by t h e  q u e s t i o n  wording or  t h e  number of t i m e  
c a t e g o r i e s  ment ioned i n  t h e  q u e s t i o n .  There  is  some i n d i c a t i o n  
t h a t  t h e  restricted d e f i n i t i o n  of n i g h t  as t h e  t i m e  when "you are 
t r y i n g  t o  s l eep ' '  may r educe  t h e  number o f  peop le  who select  t h e  
n i g h t t i m e  p e r i o d  as t h e  m o s t  annoying. N e i t h e r  of  t h e  t w o  s u r v e y s  
which used  t h e  " t r y i n g  t o  s l e e p "  d e f i n i t i o n  had a p l u r a l i t y  of re- 
sponden t s  s a y i n g  t h a t  n i g h t t i m e  w a s  t h e  most annoying p e r i o d  (1972 
Heathrow and 1973 Los Angeles  Nigh t t ime) .  

The e v i d e n c e  a lso shows t h a t  t h e  number of  c a t e g o r i e s  can 
a f f e c t  r a t i n g s  of p e r i o d s .  F i g u r e s  5 ( c )  and S ( d )  f r o m  t h e  1979 
N e w  York  s u r v e y  are based  on q u e s t i o n s  a b o u t  how p e o p l e  would a l lo-  
cate r e s o u r c e s  f o r  n o i s e  c o n t r o l .  The t w o  q u e s t i o n s  d i f f e r  o n l y  
i n  t h e  number of  a l t e r n a t i v e  t i m e  p e r i o d s  which w a s  i n c r e a s e d  from 
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t w o  t o  t h r e e .  While t h e  d e f i n i t i o n  of  t h e  n i g h t t i m e  p e r i o d  was 
unchanged i n  t h e  t w o  q u e s t i o n s ,  t h e  p r o p o r t i o n  of t h e  r e s o u r c e s  
r e s p o n d e n t s  s a i d  t h e y  would want t o  a l loca te  t o  n i g h t t i m e  n o i s e  
decreased from 40% t o  27%. T h i s  f i n d i n g  a t  l ea s t  s u g g e s t s  t h e  
p o s s i b i l i t y  t h a t  as a p o r t i o n  of t h e  day  is b roken  i n t o  smaller 
p e r i o d s ,  t h e  number of p e o p l e  who w i l l  choose  s o m e  pa r t  o f  t h a t  
p o r t i o n  a s  t h e  " m o s t  annoying" p e r i o d  w i l l  i n c r e a s e .  

From examining r a t i n g s  of t h e  m o s t  annoyed p e r i o d  i n  t h e  
f i g u r e s ,  i t  is c lear  t h a t  r e s p o n d e n t s  are n o t  unanimous i n  t h e i r  
f e e l i n g s  a b o u t  which p e r i o d  is worst o r  even  a b o u t  whether  t h e  
p e r i o d s  d i f f e r  from e a c h  o t h e r .  I n  t h e  1961 Heathrow s u r v e y  ( f i g .  
l ( a ) )  f o r  example,  t h e r e  is a rough ly  even  three-way s p l i t  between 
t h o s e  who s a y  t h e  even ing  is  worse ( 2 5 % ) ,  t h e  n i g h t  is worse 
( 3 4 % ) ,  and no t i m e  is bothersome ( 2 7 % ) .  

There  is d i v e r s i t y  between s u r v e y s  i n  t h e  t i m e  which is chosen  
a s  m o s t  annoying. When t h e  2 1  g r a p h s  i n  f i g u r e s  1 t o  6 are  s u m m a r -  
i z e d  i n  t a b l e  V I 1 1  i t  i s . s e e n  t h a t  i n  5 cases t h e  dayt ime is m o s t  
annoying ,  i n  8 cases even ing  is  m o s t  annoying and i n  7 cases t h e  
n i g h t  is m o s t  annoying ( t h e r e  is one t i e  between even ing  and  n i g h t ) .  
However, t h e  f i v e  "dayt ime" cases i n c l u d e  t h e  o n l y  s u r v e y  q u e s t i o n s  
which d o  n o t  o f f e r  a n  "evening"  a l t e r n a t i v e  ( f i g .  2 . a ,  f i g .  5 . d ) ,  
t h e  o n l y  o n e s  w i t h  t h e  m o r e  r e s t r i c t i v e  "when you a re  t r y i n g  t o  
s l e e p "  n i g h t t i m e  d e f i n i t i o n  ( f i g .  l . c ,  f i g .  2 . a ) ,  and  a n  open  ques- 
t i o n  which o n l y  a s k s  a b o u t  " t i m e s  when you are  d i s t u r b e d  m o s t "  wi th-  
o u t  e x p l i c i t y  men t ion ing  t h e  n i g h t t i m e  f i g .  3 .b ) .  Of t h e  remain ing  
1 5  s u r v e y s ,  i n  o n l y  one  is t h e  dayt ime p e r i o d  r a t e d  worst  ( f i g .  4 . c )  
and  i n  t h e  remain ing  1 4  e i t h e r  t h e  even ing  or n i g h t t i m e  is r a t e d  
worst ( t w o  of t h e s e  1 4  are f o r  " e a r l y  morning"--0600 t o  0 9 0 0 ) .  
There  is t h u s  some e v i d e n c e  t h a t  t h e  even ing  and  n i g h t t i m e  p e r i o d s  
are  r a t e d  worse t h a n  t h e  day t ime ,  b u t  t h e r e  is n o t  a b a s i s  f o r  
choos ing  between t h e  n i g h t t i m e  and even ing  p e r i o d s .  

One  o b v i o u s  e x p l a n a t i o n  f o r  t h e  d i f f e r e n c e s  i n  annoyance rank-  
i n g s  between s u r v e y s  and between i n d i v i d u a l s  w i t h i n  s u r v e y s  is t h a t  
t h e  r a n k i n g  o f  n o i s e  l e v e l s  may d i f f e r .  Night t ime n o i s e  might  be 
r e l a t i v e l y  annoying  i n  one  s u r v e y  because  t h e  n o i s e  l e v e l s  were 
r e l a t i v e l y  h i g h  d u r i n g  t h e  n i g h t t i m e  i n  t h a t  su rvey .  T h i s  explan-  
a t i o n  w i l l  be  t h e  s u b j e c t  of  t h e  l a t e r  a n a l y s e s  of p e r i o d  r e s p o n s e s  
which i n c l u d e  c o n t r o l s  f o r  n o i s e  l e v e l .  

D i f f i c u l t i e s  i n  I n t e r p r e t i n g  Answers t o  
Time-Period Annoyance Q u e s t i o n s  

A close c o n s i d e r a t i o n  of  t h e  t ime-per iod  annoyance q u e s t i o n s  
r e v e a l s  t h a t  t h e  meaning of t h e  "worst" p e r i o d s  which were i d e n t i -  
f i e d  above is  n o t  a t  a l l  clear. Three q u e s t i o n s  drawn from t h e  
s u r v e y s  i n  t a b l e  V I 1 1  s e r v e  t o  i l l u s t r a t e  t h e  i s s u e s  i n v o l v e d  i n  
i n t e r p r e t i n g  t h e  answers  t o  t ime-per iod  annoyance q u e s t i o n s .  

Q.#l D o  you f i n d  t h e  a i r c r a f t  b o t h e r  you m o s t  d u r i n g  
t h e  morning (8-121, t h e  a f t e r n o o n  (12-61, t h e  even ing  
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(6-11) or t h e  n i g h t  (11-8)? 
[1961 Heathrow Survey]  

Q.#2 When d o  you f i n d  t h e  n o i s e  of an a i r c r a f t  m o s t  
d i s t u r b i n g  around here: d u r i n g  t h e  n i g h t  when you are 
t r y i n g  t o  s l e e p ,  d u r i n g  t h e  even ing ,  or d u r i n g  t h e  
dayt ime?  
[1972 Heathrow Survey]  

Q.#3 On t h i s  scale  from 0 ( n o t  a t  a l l  d i s t u r b e d )  t o  10  
( u n b e a r a b l y  d i s t u r b e d )  how do you ra te  main  road n o i s e .  . . i n d o o r s  day / indoors  even ing /n igh t .  . . ? 
11978 O n t a r i o  Survey]  

D i f f i c u l t i e s  i n  i n t e r p r e t i n g  t h e  answers  t o  these q u e s t i o n s  
o c c u r  p a r t l y  because  of a m b i g u i t i e s  i n  t h e  meaning of t h e  q u e s t i o n s  
and p a r t l y  because  of u n c e r t a i n t y  a b o u t  t h e  f a c t o r s  which a f f e c t  
r e sponses .  Two a m b i g u i t i e s  i n  t h e  meaning of t h e  q u e s t i o n s  w i l l  
be  d i s c u s s e d  first.  

Noise E n t i t y  The m o s t  s e r i o u s  ambigui ty  conce rns  t h e  d e f i n i t i o n  
of  t h e  n o i s e  e n t i t y  or u n i t  which is be ing  compared by t h e  respond- 
e n t s .  
p e r i o d s  t h e  comparison cou ld  be between any of t h e  f o l l o w i n g  f i v e  
e n t i t i e s  : 

When a r e sponden t  is asked t o  compare t h e  n o i s e  i n  t w o  - 

[ S i n g l e  e v e n t  n o i s e  e n t i t i e s ]  
1) The s i n a l e  n o i s e  e v e n t  which a e n e r a t e d  t h e  worst 

reaction e v e r  e x p e r i e n c e d  d u r i n g  each p e r i o d  
( i g n o r e  a l l  o t h e r  n o i s e  e v e n t s ) .  

( i g n o r e  t h e  number of  n o i s e  e v e n t s ) .  
2 )  The a v e r a g e  n o t i c e d  n o i s e  e v e n t  i n  each p e r i o d  

[Summed e v e n t  n o i s e - p e r i o d  en t i t i e s  I 
3 )  The a v e r a g e  hour  d u r i n g  e a c h  p e r i o d  ( i g n o r e  t h e  

l e n g t h  of  - t h e  p e r i o d ) .  
4) The sum of  t h e  n o i s e  d u r i n g  e a c h  p e r i o d  ( t a k e  

i n t o  a c c o u n t  t h e  l e n g t h  of t h e  p e r i o d ) .  
5) The sum of t h e  n o i s e  f o r  t h e  p o r t i o n  of each p e r i o d  

d u r i n g  which t h e  r e sponden t  is norma l ly  a t  home. 

- 

Q u e s t i o n s  such  as  Q.#1 and Q.#3 c o u l d  be i n t e r p r e t e d  i n  any 
o f  t h e s e  f i v e  ways. The c o n v e n t i o n a l  w i s d o m ,  t h a t  n i g h t t i m e  n o i s e  
which d i s t u r b s  s l e e p  is worse than dayt ime n o i s e ,  is  a s t a t e m e n t  
a b o u t  t h e  t w o  s i n g l e - e v e n t  t y p e s  of n o i s e  e n t i t i e s .  I t  seems l i k e -  
l y  t h a t  many p e o p l e  would make such  an i n t e r p r e t a t i o n .  These s i n g l e  
e v e n t  i n t e r p r e t a t i o n s ,  however, do n o t  p r o v i d e  i n f o r m a t i o n  abou t  how 
o f t e n  annoyance is e x p e r i e n c e d  or abou t  t h e  combined impact  of  a l l  
n o i s e  e v e n t s  d u r i n g  a p e r i o d .  I t  is o n l y  t h e  l a t e r  m u l t i p l e  e v e n t  
n o i s e  e n t i t i e s  which are of d i r e c t  i n t e r e s t  for  m o s t  p o l i c y  pur- 
poses .  F i g u r e s  l t o  6 o n l y  p r o v i d e  u s e f u l  i n fo rma t ion  a b o u t  t h e  
p e r i o d  of  day  which  g e n e r a t e s  t h e  m o s t  annoyance i f  t h e  respond- 
e n t s  have i n t e r p r e t e d  t h e  q u e s t i o n s  t o  r e f e r  t o  m x t i p l e  e v e n t  
n o i s e  e n t i t i e s .  
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Analyses  i n  t h e  n e x t  s e c t i o n  w i l l  r e la te  t h e s e  t ime-per iod  
annoyance measures t o  n o i s e  l e v e l s .  However, t h e  ambigu i ty  i n  t h e  
meaning o f  t h e  q u e s t i o n s  means t h a t  it is n o t  p o s s i b l e  t o  know 
which noise index  s h o u l d  be used i n  t h e  a n a l y s e s .  I f  t h e  s i n g l e  
e v e n t  i n t e r p r e t a t i o n  were correct ( E n t i t i e s  1 or 2 ) ,  then  some 
measure of  t h e  mean of  t h e  s i n g l e  e v e n t  n o i s e  l e v e l s  would be 
a p p r o p r i a t e .  I f  t h e  "ave rage  hour" i n t e r p r e t a t i o n  ( E n t i t y  3 )  is 
correct then  a measu re  of t h e  v a l u e  of  LEQ f o r  t h e  p e r i o d s  would 
be  a p p r o p r i a t e .  I f  t h e  "sum of hour s"  i n t e r p r e t a t i o n  ( E n t i t y  4 )  
is correct,  then  a measu re  o f  t h e  sum of t h e  h o u r l y  v a l u e s  of LEQ 
would be a p p r o p r i a t e .  I f  t h e  "sum of  t h e  hour s  exposed" i n t e r p r e -  
t a t i o n  is correct then  t h e  sum of t h e  h o u r l y  v a l u e s  of LEQ would 
need  t o  be a d j u s t e d  f o r  t h e  amount of t i m e  a r e sponden t  w a s  a t  
home. 

R e s e a r c h e r s  do n o t  a g r e e  on t h e  i n t e r p r e t a t i o n s  of these ques- 
t i o n s .  Very s i m i l i a r  t ime-per iod  q u e s t i o n s  are i n t e r p r e t e d  d i f f e r -  
e n t l y  i n  t w o  s t u d i e s .  In  t h e  p u b l i s h e d  a n a l y s e s  of t h e  1972 JFK 
Survey it is assumed t h a t  an "ave rage  hour"  e n t i t y  is r a t e d  ( a  
doub l ing  of  annoyance is  related t o  a doub l ing  of numbers o f  e v e n t s  
per h o u r )  (Borsky ,  1976,  p.21).  However, i n  a 1961 Heathrow Survey 
p u b l i c a t i o n  it is assumed t h a t  a "sum of hour s"  e n t i t y  is r a t e d  
(annoyance is  related t o  d i f f e r e n c e s  i n  t h e  t o t a l  numbers of e v e n t s  
d u r i n g  t h e  p e r i o d s )  Wilson,  1963; p .251) .  

Q u e s t i o n  Q#2 (1972 Heathrow s u r v e y )  w a s  des igned  t o  remove 
p a r t  o f  t h e  n o i s e  e n t i t y  ambigui ty  by a t t e m p t i n g  t o  s p e c i f y  s i n g l e  
e v e n t s  w i t h  t h e  word "an" b e f o r e  t h e  word " a i r c r a f t " .  The a u t h o r  
concluded  t h a t  t h i s  was too s u b t l e  a 
a m b i g u i t i e s  ( O l l e r h e a d ,  1978) .  T h i s  
may n o t  be  e a s y  t o  des ign  a q u e s t i o n  
stood by a l l  r e sponden t s .  

wording change t o  remove t h e  
e x p e r i e n c e  s u g g e s t s  t h a t  it 
which w i l l  be e a s i l y  under- 

A c o u s t i c  Obse rve r  Frame o f  Refe rence  
s e a r c h e r  is t o  measure t h e  r e s p o n d e n t s '  f e e l i n g s  a b o u t  n o i s e ,  some 

While t h e  i n t e n t  of  t h e  re- 

r e s p o n d e n t s  may t a k e  t h e  role  o f  t h e  o b j e c t i v e  o b s e r v e r  of p h y s i c a l  
n o i s e  l e v e l s .  I n  t h i s  case t h e  r e sponden t  a t t e m p t s  t o  h e l p  t h e  re- 
s e a r c h e r  by r e p o r t i n g  when t h e r e  is  t h e  g r e a t e s t  amount of  n o i s e .  

Contaminat ion o f  F e e l i n g s  The wordings of t h e  q u e s t i o n s  s u g g e s t  
t h a t  t h e  r e sponden t  shou ld  o n l y  r e p o r t  f e e l i n g s  towards t h e  n o i s e  
e x p e r i e n c e d  i n  a s i n g l e  p e r i o d .  The a n a l y s e s  s i m i l a r l y  r e q u i r e  
t h a t  t h e  p e r i o d  r e s p o n s e s  be c a u s a l l y  independent  of one  a n o t h e r  
(see n e x t  s e c t i o n  of t h i s  r e p o r t ) .  C a r e f u l  c o n s i d e r a t i o n  of  t h e  
annoyance r e s p o n s e s ,  however, suggests  t h a t  o t h e r  f a c t o r s  are  
l i k e l y  t o  be  v e r y  impor t an t .  

The h i g h  i n t e r c o r r e l a t i o n s  between a l l  annoyance i n d i c e s  and 
g e n e r a l  p r e s e n c e  of "ha lo"  e f f e c t s  suggest t h a t  peop le  form an 
a t t i t u d e  toward v e r y  b r o a d l y  d e f i n e d  o b j e c t s .  Given t h i s  g e n e r a l  
f e e l i n g ,  p e o p l e  t e n d  t o  have a s i m i l i a r  u n d i f f e r e n t i a t e d  a t t i t u d e  
toward a l l  o t h e r  s i m i l i a r  o b j e c t s .  I t  t h u s  seems h i g h l y  l i k e l y  
t h a t  many p e o p l e  have  a g e n e r a l  f e e l i n g  toward t h e  n o i s e  from a 
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s o u r c e  and do n o t  have s e p a r a t e l y  d e f i n e d  f e e l i n g s  towards  t h e  
n o i s e  a t  e a c h  t i m e  of  day. A p e r s o n ' s  a t t i t u d e  or  e x p e r i e n c e  w i t h  
t h e  n o i s e  i n  one p e r i o d  w i l l  almost c e r t a i n l y  con tamina te  f e e l i n g s  
and b i a s  r e p o r t e d  r e s p o n s e s  toward t h e  n o i s e  i n  a n o t h e r  p e r i o d .  
Thus even when a r e sponden t  is p r i m a r i l y  a f f e c t e d  by n o i s e  i n  t h e  
even ing ,  t h e  r e s p o n d e n t ' s  f e e l i n g s  a b o u t  t h e  evening  n o i s e  are  al-  
m o s t  ce r ta in  t o  lead t o  an annoyed r e s p o n s e  f o r  t h e  o t h e r  p e r i o d s .  
Such a con tamina t ion  of  f e e l i n g s  between p e r i o d s  would mean t h a t  
d i f f e r e n c e s  i n  t h e  t r u e  impact  of t h e  n o i s e  i n  d i f f e r e n t  p e r i o d s  
cou ld  n o t  be a c c u r a t e l y  measured by p e r i o d  annoyance r e sponses .  

Convent iona l  W i s d o m  R e f l e x  The predominant  c o n v e n t i o n a l  wisdom 
is  t h a t  a n o i s e  is worst when i t  o c c u r s  a t  n i g h t .  T h i s  p r o v i d e s  
a c o n v e n i e n t ,  e a s y  r e s p o n s e  f o r  a r e sponden t  who does  n o t  t a k e  t h e  
t i m e  t o  c a r e f u l l y  c o n s i d e r  t h e  sum t o t a l  of h i s  f e e l i n g s  t o  n o i s e  
a t  d i f f e r e n t  t i m e s  of day. The c o n v e n t i o n a l  w i s d o m  r e s p o n s e  is 
a l s o  t h e  c o n v e n i e n t ,  e a s y  r e sponse  fo r  t h e  r e sponden t  who is  un- 
s u r e  a b o u t  h i s  own f e e l i n g s  and t h u s  a u t o m a t i c a l l y  r e p o r t i n g  t h i s  
c o n v e n t i o n a l ,  normal ,  s o c i a l l y  a c c e p t a b l e  response .  

Conc lus ions  The f o u r  d i f f i c u l t i e s  i n  i n t e r p r e t i n g  t ime-per iod  
annoyance r e s p o n s e s  l i m i t  t h e  u s e f u l n e s s  of  t h e  data  p r e s e n t e d  i n  
f i g u r e s  1 t o  6 .  I n t e r p r e t a t i o n s  of t h e  meaning of t h e  d a t a  shou ld  
be made w i t h  care. There  is  some i n d i c a t i o n  t h a t  n o i s e  annoyance 
is c o n c e n t r a t e d  more i n  t h e  evening  and n i g h t t i m e  p e r i o d s  than  
d u r i n g  t h e  dayt ime p e r i o d s .  However, t h e  l a c k  of t o t a l  agreement  
on a w o r s t  p e r i o d ,  means t h a t  t h e r e  is  an i m p o r t a n t  amount of 
annoyance i n  a l l  p e r i o d s .  

The d i f f i c u l t i e s  i n  i n t e r p r e t i n g  t h e  p e r i o d  r e s p o n s e s  mean 
t h a t  t h e y  can n o t  be used t o  draw c o n c l u s i o n s  abou t  t h e  impact  of  
r e d u c i n g  no i se  a t  selected t i m e s  o f  day. The p e r i o d  r e s p o n s e s  may, 
however, p r o v i d e  some i n d i c a t i o n  of t h e  p r i o r i t y  t h a t  peop le  t h i n k  
shou ld  be a s s i g n e d  t o  reduc ing  n o i s e  a t  d i f f e r e n t  times of day. 
The comparison of f i g u r e s  5 ( b )  and 5 ( c )  p r o v i d e  some s u p p o r t  for  
t h i s  p r o p o s i t i o n .  The da ta  i n  f i g u r e  5 ( c )  come from an unusua l ,  
b u t  p o l i c y - r e l e v a n t ,  q u e s t i o n  a b o u t  how n o i s e  c o n t r o l  r e s o u r c e s  
s h o u l d  be d i s t r i b u t e d  a t  d i f f e r e n t  t i m e s  of day ( i e .  How many of 
each  hundred do l l a r s  of n o i s e  c o n t r o l  money shou ld  be a l located t o  
each t i m e  p e r i o d ) .  For  t h i s  sample n e a r  JFK a i r p o r t ,  t h e  c h o i c e  
w a s  t o  a l loca te  31% of t h e  resources t o  t h e  dayt ime,  42% t o  t h e  
even ing  and 27% t o  t h e  n i g h t .  In  t h e  p r e v i o u s  q u e s t i o n ,  respond- 
e n t s  had been a sked  a r a t h e r  more t y p i c a l  p e r i o d  r e s p o n s e  q u e s t i o n  
a b o u t  t h e  t i m e  when t h e y  m o s t  wanted t o  " s t o p  a i rc raf t  n o i s e  com- 
p l e t e l y "  ( f i g .  5 b ) .  The p e r c e n t a g e  d i s t r i b u t i o n  r a t h e r  c l o s e l y  
matches t h e  d o l l a r  a l l o c a t i o n  q u e s t i o n ,  29% selected t h e  dayt ime,  
approx ima te ly  40% s e l e c t e d  t h e  even ing ,  and approx ima te ly  32% 
selected t h e  n i g h t .  ( S l i g h t  d i f f e r e n c e s  i n  t h e  p e r i o d  boundar i e s  
i n t r o d u c e  t h e  u n c e r t a i n t y  i n  s p e c i f y i n g  t h e  p e r c e n t a g e s ) .  The com- 
p a r i s o n  of  these t w o  q u e s t i o n s  from t h i s  same su rvey  t h u s  g i v e s  
some c o n f i d e n c e  t h a t  t h e  p e r i o d  r e sponse  q u e s t i o n s  are related t o  
a t  l eas t  one p o l i c y  c o n s i d e r a t i o n ,  p e o p l e ' s  b e l i e f s  a b o u t  how n o i s e  
control r e s o u r c e s  and e f f o r t  shou ld  be d i v i d e d  between d i f f e r e n t  
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t i m e  p e r i o d s .  However, even t h i s  f i n d i n g  s h o u l d  be q u a l i f i e d  by 
t h e  f i n d i n g s  i n  f i g u r e  5d. When t h e  q u e s t i o n  a b o u t  t h e  a l l o c a t i o n  
o f  do l l a r s  s h i f t s  from t w o  p e r i o d s  ( f i g .  5 c )  t o  three p e r i o d s  ( f i g .  
5d )  t h e  p e r c e n t a g e  of  do l l a r s  allocated t o  t h e  same 9-hour n i g h t -  
t i m e  p e r i o d  decreases f r o m  4 0 %  t o  27%. The t i m e  p e r i o d  r a n k i n g  
data  c l e a r l y  p r o v i d e  o n l y  a broad i n d i c a t i o n  of  t h e  t i m i n g  of 
annoyance. 

D i f f e r e n c e s  Between P e r i o d  Responses 
Measured i n  Dec ibe l s  

I n  t h i s  s e c t i o n  t h e  t ime-per iod  r e sponse  da ta  are r e l a t e d  t o  
t ime-per iod  n o i s e  l e v e l s  and d i f f e r e n c e s  between p e r i o d  r e s p o n s e s  
are e x p r e s s e d  i n  d e c i b e l  u n i t s .  O f  t h e  e i g h t e e n  s u r v e y s  i n  t a b l e  
V I 1 1  it is o n l y  p o s s i b l e  t o  i n c l u d e  f o u r  s u r v e y s  i n  t h i s  a n a l y s i s ,  
t h e  f o u r  s u r v e y s  fo r  which t ime-per iod  n o i s e  d a t a  are  a v a i l a b l e .  

Two d i f f e r e n t  methods can be used t o  p r o v i d e  estimates of 
d e c i b e l  d i f f e r e n c e s  i n  annoyance r e sponses .  For t h e  f irst  method, 
p e r i o d  r a t i n g s  are  r e l a t e d  t o  p e r i o d  n o i s e  l e v e l s  and then  t h e  
annoyance by n o i s e  l e v e l  r e l a t i o n s h i p s  from each  p e r i o d  are com- 
pa red  (Per iod Comparison Method). For t h e  second method, t h e  pro- 
p o r t i o n  of  r e s p o n d e n t s  r ank ing  one of a p a i r  of p e r i o d s  as worse 
is related t o  t h e  d i f f e r e n c e s  between t h e  n o i s e  l e v e l s  i n  t h e  t w o  
p e r i o d s  (Annoyance Ranking Method) . 
Annoyance Comparison Method The annoyance comparison method is  
based on an a n a l y s i s  of  t h e  r e l a t i o n s h i p  between annoyance and  
n o i s e  l e v e l  i n  each  t i m e  p e r i o d .  These- r e l a t i o n s h i p s - a r e  p l o t t e d  
i n  f i g u r e  7-10 f o r  f o u r  su rveys .  The data  p o i n t s  on t h e  f i g u r e s  
are i n  each  case based  on t h e  a v e r a g e  annoyance and a v e r a g e  n o i s e  
l e v e l  f o r  r e s p o n d e n t s  w i t h i n  a n o i s e  c a t e g o r y  ( u s u a l l y  a 5 dB cate- 
g o r y ) .  The r e l a t i o n s h i p s  are summarized w i t h  a l o g i s t i c  cu rve  
w h i c h  is es t imated  u s i n g  l eas t  s q u a r e s  c r i t e r i a  i n  a n o n l i n e a r  re- 
g r e s s i o n .  The c u r v e  f o r  a s i n g l e  t i m e  p e r i o d  can be d e s c r i b e d  w i t h  
t h e  f o l l o w i n g  e q u a t i o n :  

1 
A =  - [ ( a  + l j )  9 B j ]  

l + e  

The c u r v e  is a l o g i s t i c  cu rve  which is based on a cumula t ive  
l o g a r i t h m i c  d i s t r i b u t i o n .  The c u r v e  has a s igmoid  shape  and is 
symmetr ic  a round t h e  midpo in t  of t h e  annoyance scale. I f  t h e  annoy- 
a n c e  v a r i a b l e  is scored so  t h a t  it r a n g e s  from z e r o  t o  one then t h e  
c u r v e  is symmetr ic  a b o u t  t h e  A=0.5 p o i n t  w i t h  t h e  t w o  t a i l s  be ing  
a s y m p t o t i c  t o  A=O and A=l. The i n t e r c e p t  p a r a m e t e r ,  "a", locates  
t h e  n o i s e  l e v e l  ( -a )  where t h e  c u r v e  p a s s e s  th rough  t h e  midpo in t ,  
A=0.5. The B pa rame te r  is  r e l a t e d  t o  t h e  p a r t i a l  d e r i v a t i v e  of  t h e  
c u r v e  a t  t h e  p o i n t  A=0.5. 

T h e  d i s t a n c e  between t h e  annoyance r e s p o n s e s  is based on t h e  
d i s t a n c e  between t h e  c u r v e  f o r  t h e  dayt ime and t h e  c u r v e  f o r  each  
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of t h e  o t h e r  t i m e  p e r i o d s .  In  f i g u r e  8 ,  f o r  example,  t h e  noise 
l e v e l  is measured i n  d e c i b e l s  and t h u s  t h e  d i s t a n c e  between t h e  
c u r v e s  can  be d i r e c t l y  e x p r e s s e d  i n  decibels. S i n c e  t h e  v a l u e s  
of t h e  s l o p e  p a r a m e t e r s  are  ve ry  s i m i l i a r  f o r  each  p e r i o d ,  an 
a n a l y s i s  w a s  performed which f o r c e d  a l l  of t h e  p e r i o d s  t o  have a 
s i n g l e  s l o p e .  A s i n g l e  r e g r e s s i o n  e q u a t i o n  w a s  d e f i n e d  t o  a n a l y z e  
t h e  comple te  set of  da ta  p o i n t s .  Dummy var iables  were i n t r o d u c e d  
t o  r e p r e s e n t  t h e  d i f f e r e n t  t i m e  p e r i o d s .  In t h i s  case t h e  equa- 
t i o n  is w r i t t e n :  

1 - A j  - 
- [ ( a + L j  + De bb Me + Dn @ Mn) Q) B j I  

l + e  

I n  t h i s  e q u a t i o n  t h e  dummy r e g r e s s i o n  c o e f f i c i e n t s  g i v e  t h e  
d e c i b e l  d i s p l a c e m e n t  f o r  t h e  evening  c u r v e  ( - D e )  and n i g h t t i m e  
cu rve  (-Dn) f rom t h e  dayt ime curve.  The da ta  i n  f i g u r e s  7 t o  1 0  
were a n a l y z e d  w i t h  t h i s  t echn ique .  The v a l u e s  of  t h e  dummy re- 
g r e s s i o n  c o e f f i c i e n t s  are g iven  i n  each  f i g u r e  i n  d e c i b e l  u n i t s .  

One of t h e  advan tages  of d e s c r i b i n g  t h e  noise-annoyance rela- 
t i o n s h i p  w i t h  a l o g i s t i c  r a t h e r  than  l i n e a r  r e l a t i o n s h i p  is t h a t  
t h e  a n a l y s i s  d i r e c t l y  p r o v i d e s  an estimate of t h e  d e c i b e l  d i s p l a c e -  
ment of  t h e  t w o  cu rves .  The l o g i s t i c  form a l so  allows bo th  c u r v e s  
t o  approach  b u t  n o t  c r o s s  t h e  zero annoyance a x i s .  T h e  a n a l y s e s  
were a l s o  r e p e a t e d  w i t h  s t a n d a r d  m u l t i p l e  l i n e a r  r e g r e s s i o n  tech- 
n i q u e s .  F o r  t h e  l i n e a r  r e g r e s s i o n  a n a l y s i s ,  a d e c i b e l  d i sp l acemen t  
w a s  c a l c u l a t e d  from r a t io s  of  t ime-per iod  dummy v a r i a b l e  p a r t i a l  
r e g r e s s i o n  c o e f f i c i e n t s  d i v i d e d  by t h e  n o i s e  l e v e l  p a r t i a l  regres- 
s i o n  c o e f f i c i e n t ,  The estimates of  t h e  d e c i b e l  d i s p l a c e m e n t  were 
almost t h e  same f o r  t h e  l o g i s t i c  and t h e  l i n e a r  r e g r e s s i o n  ana ly-  
sis ( w i t h i n  a d e c i b e l  of  each  o the r ) .  

Even though a l l  o f  t h e  d i f f e r e n c e s  are e x p r e s s e d  i n  d e c i b e l s ,  
t h e  v a l u e s  f o r  d i f f e r e n t  s t u d i e s  can n o t  be d i r e c t l y  compared s i n c e  
t h e y  refer t o  d i f f e r e n t  l e n g t h s  of t i m e  p e r i o d s .  A compara t ive  
a n a l y s i s  of t h e  s t u d i e s  is  p r e s e n t e d  a s  p a r t  of t h e  d i s c u s s i o n  
a b o u t  c o n v e r t i n g  p e r i o d  differences i n t o  time-of-day we igh t s .  

Each of  t h e  s t u d i e s  p r o v i d e s  a r e l a t i v e l y  p r e c i s e  estimate of 
t h e  d e c i b e l  d i s p l a c e m e n t  of  t h e  dose-response r e l a t i o n s h i p s .  The 
v a l u e s  f o r  t h e  dummy r e g r e s s i o n  c o e f f i c i e n t s  ( l o g i s t i c  a n a l y s i s )  
are s i g n i f i c a n t  beyond t h e  p=O.Ol l e v e l  w i t h  s t a n d a r d  errors of 
n o  g r e a t e r  t han  0.5 dB f o r  t h e  O n t a r i o  and 1967 Heathrow su rveys .  
( S t a n d a r d  errors c o u l d  n o t  be computed fo r  t h e  o t h e r  s u r v e y s  as  
o n l y  a g g r e g a t e d  r e s u l t s  are a v a i l a b l e . )  T h i s  d e g r e e  of p r e c i s i o n  
shows t h a t  a f t e r  c o n t r o l l i n g  fo r  n o i s e  l e v e l ,  r e s p o n d e n t s  are con- 
s i s t e n t l y  r a t i n g  t h e  even ing  and n i g h t t i m e  p e r i o d  as  worse than  
t h e  day t ime  p e r i o d .  T h i s  f i n d i n g  is c o n s i s t e n t  w i t h  t h e  h y p o t h e s i s  
t h a t  t h e r e  is a greater s e n s i t i v i t y  a t  n i g h t  as  w e l l  a s  w i t h  t h e  
" c o n v e n t i o n a l  w i s d o m  r e f l e x "  h y p o t h e s i s .  I t  is a l so  c o n s i s t e n t  
w i t h  t h e  "con tamina t ion  of  f e e l i n g s "  h y p o t h e s i s ;  i f  p e o p l e ' s  feel- 
i n g s  toward n o i s e  i n  t h e  d i f f e r e n t  p e r i o d s  are n o t  h i g h l y  d i f f e r e n -  

-22- 



t i a t e d ,  then  t h e  c o n t r o l s  f o r  no ise  l e v e l  mean t h a t  t h e  l o w  n o i s e  
l e v e l  p e r i o d s  a p p e a r  t o  have r e l a t i v e l y  h i g h  annoyance r a t i n g s .  
The c r i t i c a l  i s s u e  f o r  b o t h  t h e  "conven t iona l  wisdom" and "contam- 
i n a t i o n  of  f e e l i n g s "  hypo theses  is whether  t h e  r e a c t i o n s  i n  one 
t i m e  p e r i o d  can be shown t o  be a f u n c t i o n  of  t h e  n o i s e  l e v e l s  i n  
t h a t  t i m e  p e r i o d  and n o t  of  t h e  n o i s e  l e v e l s  i n  o t h e r  t i m e  p e r i o d s .  

The c o r r e l a t i o n s  between t h e  annoyance r e a c t i o n s  i n  each  t i m e  
p e r i o d  and t h e  n o i s e  l e v e l s  i n  a l l  t h r e e  t i m e  p e r i o d s  have been cal- 
c u l a t e d  f o r  t h e  1967 Heathrow s u r v e y  and t h e  1978 O n t a r i o  survey .  
In  g e n e r a l  t h e  annoyance r e a c t i o n s  f o r  a s p e c i f i e d  t i m e  p e r i o d  are 
as h i g h l y  c o r r e l a t e d  w i t h  t h e  n o i s e  l e v e l s  i n  o t h e r  t i m e  p e r i o d s  as  
w i t h  t h e  n o i s e  l e v e l s  i n  t h e  s p e c i f i e d  t i m e  p e r i o d .  T h i s  o c c u r s  
because  t h e  n o i s e  l e v e l s  f rom t h e  t h r e e  p e r i o d s  are h i g h l y  corre- 
l a t e d .  A s  a r e s u l t  t h e  d a t a  do n o t  p r o v i d e  a b a s i s  f o r  e s t i m a t i n g  
t h e  independen t  e f f e c t s  of d i f f e r e n t  t i m e  p e r i o d s  on annoyance and 
it is n o t  p o s s i b l e  t o  re ject  t h e  "conven t iona l  wisdom" or "contam- 
i n a t i o n  of f e e l i n g s "  hypotheses .  The s u b s t a n t i v e  s i g n i f i c a n c e  of  
t h e  d e c i b e l  d i f f e r e n c e s  found i n  f i g u r e s  7 t o  1 0  t h u s  remains  i n  
doubt .  

Annoyance Ranking Method The r ank ing  of t h e  r e l a t i v e  annoyance 
d u r i n g  t w o  p e r i o d s  can be o b t a i n e d  i n  e i t h e r  of t w o  ways. The 
r e s p o n d e n t s '  scores on t w o  period-annoyance q u e s t i o n s  (eg .  t h e  
t y p e s  of q u e s t i o n s  a n a l y z e d  i n  t h e  p r e v i o u s  s e c t i o n )  can be com- 
p a r e d  t o  i n d i r e c t l y  de t e rmine  which p e r i o d  is worse. A l t e r n a t i v e l y  
t h e  r e s p o n d e n t s  may have d i r e c t l y  i n d i c a t e d  which  p e r i o d  is worse 
on a q u e s t i o n  such  as t h e  f o l l o w i n g  (1961 Heathrow s u r v e y ) :  

D o  you f i n d  t h e  a i r c r a f t  b o t h e r  you m o s t  d u r i n g  t h e  
morning,  t h e  a f t e r n o o n ,  t h e  even ing  or t h e  n i g h t ?  

The r e l a t i v e  r a n k i n g  of t h e  annoyance i n  t w o  p e r i o d s  can then  
be  compared t o  t h e  d i f f e r e n c e s  i n  t h e  n o i s e  l e v e l s  of  t h e  t w o  
p e r i o d s .  

I n  f i g u r e  11 t h e  p r o p o r t i o n  o f  t h e  r e s p o n d e n t s  who r a t e d  n i g h t -  
t i m e  n o i s e  a s  worse than  dayt ime n o i s e  is  related t o  t h e  d i f f e r e n c e s  
i n  t h e  dayt ime and n i g h t t i m e  n o i s e  l e v e l s  f o r  t h e  1967 Heathrow 
su rvey .  (Respondents  who sa id  t h e  t w o  p e r i o d s  are e q u a l l y  annoying 
are  exc luded  f r o m  t h i s  p a r t i c u l a r  a n a l y s i s  b u t  i n c l u d e d  i n  a l a t e r  
a n a l y s i s  and i n  F i g u r e  13 . )  The d a t a  p o i n t s  i n  f i g u r e  11 r e p r e s e n t  
mean annoyance scores f o r  r e s p o n d e n t s  who l i v e  i n  envi ronments  w i t h  
s imi l a r  d i f f e r e n c e s  i n  dayt ime and n i g h t t i m e  n o i s e  l e v e l s .  The 
t r e n d  i n  t h e  d a t a  is c o n s i s t e n t  w i t h  t h e  e x p e c t a t i o n  t h a t  t h e  propor-  
t i o n  choos ing  n i g h t t i m e  n o i s e  as  worse w i l l  i n c r e a s e  a s  n i g h t t i m e  
n o i s e  l e v e l s  i n c r e a s e  r e l a t i v e  t o  dayt ime n o i s e  l e v e l s .  The c e n t r a l  
t endency  is  estimated w i t h  a n o n l i n e a r  r e g r e s s i o n  e q u a t i o n  which 
d e s c r i b e s  t h e  b e s t - f i t  l o g i s t i c  curve .  The form of t h e  e q u a t i o n  is 
t h e  same as  w a s  used  earlier t o  d e s c r i b e  t h e  annoyance l e v e l s  i n  
e a c h  p e r i o d .  
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Noise f r o m  t h e  t w o  periods is assumed t o  be e q u a l l y  annoying 
a t  t h e  p o i n t  where t h e  sample is e v e n l y  d i v i d e d  conce rn ing  which 
p e r i o d  is worse. T h i s  is  cons ide red  t o  be an equa l  annoyance p o i n t .  
I t  is l a b e l e d  t h e  "50%" p o i n t  i n  f i g u r e  11. The d i f f e r e n c e  i n  n o i s e  
l e v e l s  a t  t h i s  p o i n t  is then  t h e  measurement, i n  decibels, of t h e  
d i f f e r e n c e  i n  r e a c t i o n s  t o  t h e  t w o  t i m e s  of day. 

F o r  t h e  1967 Heathrow su rvey  i n  f i g u r e  11, t h e  50% p o i n t  is 
reached a t  16  dB (NNI10). The best f i t  l i n e  is based on an ana ly-  
sis of t h e  i n d i v i d u a l s '  annoyance d a t a .  Thus t h e  l i n e  is  somewhat 
above t h e  t w o  r igh t -most  data  p o i n t s ,  which r e p r e s e n t  o n l y  a s m a l l  
number of  i n t e r v i e w s ,  b u t  p a s s e s  through t h e  midd le  of t h e  remain- 
i n g  p o i n t s  which r e p r e s e n t  t h e  v a s t  m a j o r i t y  of  t h e  i n t e r v i e w s .  

F i g u r e  1 2  i n c l u d e s  t h e  r e s u l t s  f r o m  t w o  a d d i t i o n a l  s u r v e y s  
w i t h  t h e  a p p r o p r i a t e  b e s t - f i t  l i n e s .  The 1978 Canadian s u r v e y  d a t a  
come f rom t h e  same t ime-per iod  r a t i n g  q u e s t i o n s  which appeared  pre-  
v i o u s l y  i n  f i g u r e  8. The r a i l w a y  da ta  come f r o m  a s i n g l e  q u e s t i o n  
a b o u t  t h e  m o s t  annoying t i m e  p e r i o d  (appendix  A )  which is q u i t e  
s i m i l a r  t o  t h e  1961 Heathrow su rvey  q u e s t i o n  which  was reproduced  
ear l ie r  i n  t h i s  s e c t i o n .  The l a r g e  p r o p o r t i o n  of  t h e  r a i l w a y  s t u d y  
sample ( 7 5 % )  which r e p o r t e d  t h e  s a m e  annoyance f o r  a l l  t i m e  p e r i o d s  
was exc luded  from t h i s  a n a l y s i s .  The 50% annoyance p o i n t  f o r  these 
s u r v e y s  is reached  a t  6 d B  (Rai lway)  and 8 d B  ( O n t a r i o  T r a f f i c ) ,  

I n d i v i d u a l s  who g i v e  e q u a l  annoyance r a t i n g s  t o  b o t h  p e r i o d s  
have been exc luded  f r o m  t h e  r ank ing  a n a l y s e s  up t o  t h i s  p o i n t .  
However, these r e s p o n s e s  can a lso p r o v i d e  in fo rma t ion  abou t  t h e  
p o i n t  a t  which n o i s e s  i n  t w o  t i m e  p e r i o d s  are s u b j e c t i v e l y  equa l .  
The h i g h e s t  r a t e  of r e p o r t i n g  equa l  annoyance s h o u l d  occur when t h e  
t w o  n o i s e  l e v e l s  are  s u b j e c t i v e l y  equa l .  In  f i g u r e  1 3  t h e  propor-  
t i o n  who r e p o r t  equa l  annoyance i n  t h e  1967 Heathrow s u r v e y  is 
p l o t t e d  by t h e  d i f f e r e n c e  between dayt ime and n i g h t t i m e  n o i s e  l e v e l s .  
There  is a weak t r e n d  toward h i g h e r  reports of e q u a l  annoyance as 
t h e  day t ime  and n i g h t t i m e  n o i s e  l e v e l s  become more equa l .  The best 
f i t  q u a d r a t i c  e q u a t i o n  fo r  t h e  data  d e s c r i b e s  t h e  l i n e  which is  
p lo t t ed  i n  f i g u r e  13. The p o i n t  of maximum p e r c e p t i o n  o f  e q u a l  
annoyance is t h e  p o i n t  of i n f l e c t i o n  for t h e  p a r a b o l a  d e s c r i b e d  by 
t h i s  e q u a t i o n ,  i n  t h i s  case a t  3 d B  (NNI10). F i g u r e  1 3  t h u s  s e r v e s  
t o  i l l u s t r a t e  a n o t h e r  t e c h n i q u e  fo r  e s t i m a t i n g  d e c i b e l  d i s p l a c e -  
ments o f  annoyance r e s p o n s e s ,  b u t  does n o t  p r o v i d e  a v a l i d  estimate 
s i n c e  t h e  predicted v a l u e  ( 3  d B )  r e q u i r e s  e x t r a p o l a t i o n  beyond t h e  
r a n g e  o f  t h e  collected d a t a .  

The numer i ca l  v a l u e s  of t h e  d e c i b e l  d i f f e r e n c e s  can n o t  be 
a c c u r a t e l y  estimated w i t h  t h e  a v a i l a b l e  d a t a  u s i n g  t h e  r e l a t i v e  
r a n k i n g  method. The da ta  set  which shou ld  p r o v i d e  t h e  b e s t  es t i -  
mates is t h e  1967 Heathrow survey.  T h i s  s t u d y  i n c l u d e s  t h e  wides t  
r ange  o f  n o i s e  l e v e l  d i f f e r e n c e s  ( f i g u r e  1 2 )  and h a s  t h e  l a r g e s t  
number o f  i n t e r v i e w s .  A 95% conf idence  i n t e r v a l  f o r  t h e  es t imate  
of t h e  50% annoyance p o i n t  has been c a l c u l a t e d  on t h e  b a s i s  of  an 
o p t i m i s t i c  assumption.  ( I t  i s  assumed t h a t  t h e  r e s p o n s e s  and 
n o i s e  measurement errors i n  t h e  171 s e l e c t e d  s t u d y  s i t e s  in  t h e  
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Heathrow area are independent  of one a n o t h e r . )  The r e s u l t i n g  con- 
f i d e n c e  i n t e r v a l  f o r  t h e  r e g r e s s i o n  l i n e  is p l o t t e d  g r a p h i c a l l y  
i n  f i g u r e  1 4 .  With t h e  o p t i m i s t i c  assumpt ion ,  there is a lower 
l i m i t  ( 1 3  dB) b u t  n o  upper  l i m i t  t o  t h e  estimate of t h e  50% annoy- 
a n c e  p o i n t .  The s l o p e  of t h e  r e g r e s s i o n  l i n e  for t h e  1967 Heathrow 
s u r v e y  is  s i g n i f i c a n t l y  greater than z e r o  (p<0.05) .  For both t h e  
r a i l w a y  and Canadian s u r v e y s ,  however, t h e  s l o p e s  are  n o t  s i g n i f i -  
c a n t l y  g r e a t e r  t han  z e r o  and t h u s  t h e  estimates of t h e  d i f f e r e n c e s  
i n  r e s p o n s e s  are n o t  s i g n i f i c a n t l y  greater than  zero .  

A number o f  o t h e r  r e l a t i v e  r a n k i n g  a n a l y s e s  were carried o u t  
b u t  have n o t  been d e s c r i b e d  i n  d e t a i l  because  i n  each case t h e  
estimates were so inaccurate  a s  t o  n o t  be u s e f u l .  The weak rela- 
t i o n s h i p  i n  t h e  1967 Heathrow su rvey  ( f i g .  1 3 )  between n o i s e  l e v e l  
d i f f e r e n c e s  and amount of r e p o r t e d  e q u a l  p e r i o d  annoyance is n o t  
s t a t i s t i c a l l y  s i g n i f i c a n t .  S i m i l a r  a n a l y s e s  f o r  t h e  Canadian and 
r a i l w a y  s u r v e y s  d i d  n o t  f i n d  s i g n i f i c a n t  r e l a t i o n s h i p s .  S i m i l a r  
a n a l y s e s  of t h e  r e l a t i o n s h i p  between day-evening n o i s e  l e v e l  d i f f e r -  
e n c e s  and t h e  amount of r e p o r t e d  e q u a l  p e r i o d  annoyance a l so  pro- 
v ided  h i g h l y  i n a c c u r a t e  estimates which are n o t  s t a t i s t i c a l l y  
s i g n i f i c a n t .  R e l a t i v e  r a n k i n g s  of dayt ime and even ing  n o i s e  were 
a l s o  examined. There  were n o t  s i g n i f i c a n t  r e l a t i o n s h i p s  f o r  e i t h e r  
t h e  r a i l w a y  or Canadian su rveys .  

r e l a t i v e  annoyance r ank ing  method has t h e  same s o u r c e  a s  d i d  t h e  
i n a c c u r a c y  i n  t h e  estimates f r o m  t h e  t o t a l  annoyance r e g r e s s i o n  
method, t h e  h i g h  c o r r e l a t i o n s  between n o i s e  l e v e l s  a t  d i f f e r e n t  
t i m e s  of day. The h i g h  c o r r e l a t i o n s  create t h e  s m a l l  amount of 
v a r i a t i o n  i n  t h e  r ange  of  day-night  d i f f e r e n c e s  which is e v i d e n t  
i n  t ab l e  I1 and f o r  t w o  s u r v e y s  i n  f i g u r e  1 2 .  T h i s  l a c k  of v a r i a -  
t i o n  is i n  t u r n  t h e  major e x p l a n a t i o n  f o r  t h e  inaccura te  e s t i m a t e s .  

D i f f i c u l t i e s  i n  Conver t ing  P e r i o d  D i f f e r e n c e s  i n t o  

The i n a c c u r a c y  i n  t h e  estimates which is obse rved  for  t h e  

T ime-of - Day W e  i g h  t s 

T h e  d i f f i c u l t i e s  i n  i n t e r p r e t i n g  answers  t o  t ime-per iod  annoy- 
ance  q u e s t i o n s  create d i f f i c u l t i e s  i n  i n t e r p r e t i n g  t h e  meaning of 
t h e  d i s p l a c e m e n t s  o f  t h e  t ime-period annoyance cu rves .  The impor- 
t a n c e  of these problems becomes clearer i f  t h e  numer i ca l  r e s u l t s  
are e x p r e s s e d  i n  t e r m s  of t h e  time-of-day w e i g h t i n g  pa rame te r s .  

The r e s u l t s  of a l l  t h e  p e r i o d  r e s p o n s e  a n a l y s e s  are summar- 
i z e d  i n  t ab le  I X .  P a r t  A summarizes t h e  r e s u l t s  f r o m  t h e  p e r i o d  
r e sponse  dummy r e g r e s s i o n  a n a l y s e s  ( f i g u r e s  7 t o  1 0 ) .  The dummy 
r e g r e s s i o n  c o e f f i c i e n t s  p r e s e n t e d  i n  t h e s e  f i g u r e s  a p p e a r  i n  
b r a c k e t s  "[. . . I "  i n  t h e  first t w o  columns of data. Pa r t  B o f  
t h e  t a b l e  summarizes t h e  r e s u l t s  from t h e  r e sponden t  r ank ing  ana ly-  
ses ( f i g u r e  1 2 ) .  The n o i s e  l e v e l  d i f f e r e n c e  a t  t h e  50% annoyance 
p o i n t  is t h e  d e c i b e l  q u a n t i t y  which a p p e a r s  i n  b r a c k e t s  i n  t h e  
f irst  t w o  columns i n  P a r t  B. 
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The f i g u r e s  i n  b r a c k e t s  i n  t h e  f i r s t  t w o  columns of  t h e  t a b l e s  
can be i n t e r p r e t e d  as t h e  d e c i b e l  we igh t s  ( D L . ) .  The v a l u e  of  t h e  

number w e i g h t ,  W j ,  a p p e a r s  i n  each  cell  of t a b l e  I X  ( n o t  i n  
b r a c k e t s ) .  As w a s  d i s c u s s e d  ear l ie r ,  t h e  d e c i b e l  we igh t  is a s imple  
t r a n s f o r m a t i o n  of  t h e  number we igh t  ( t h e  logari thm of  t h e  number 
we igh t  m u l t i p l i e d  by t e n ) .  

3 

The i n t e r p r e t a t i o n  and i n  f a c t  meaningfu lness  of  these t i m e -  
of-day w e i g h t s  is  i n  doubt  because of  t h e  a m b i g u i t i e s  i n  t h e  d e f i n -  
i t i o n  of t h e  " n o i s e  e n t i t y "  which t h e  r e s p o n d e n t s  were a c t u a l l y  
r a t i n g  (see t h e  ear l ier  d i s c u s s i o n  of  " n o i s e  e n t i t y "  i n  t h e  s e c t i o n  
on " D i f f i c u l t i e s  i n  I n t e r p r e t i n g  Answers t o  Time-Period Annoyance 
Q u e s t i o n s " ) .  I f  r e s p o n d e n t s  were r a t i n g  three of t h e  f i v e  n o i s e  
e n t i t i e s ,  then  t h e  p r e s e n t  n o i s e  da ta  are  i n a d e q u a t e  f o r  d e r i v i n g  
an estimate of t h e  time-of-day weight .  I f  t h e  r e s p o n d e n t s  were 
r a t i n g  a s i n g l e  n o i s e  e v e n t  or an a v e r a g e  of t h e  s i n g l e  e v e n t s ,  
then t h e  time-of-day estimates in  t ab l e  I X  are mean ing le s s  s i n c e  
t h e s e  estimates are based on noise i n d i c e s  which i n c l u d e  numbers 
of no i se  e v e n t s  as  w e l l  as  t h e  l e v e l s  of t h o s e  e v e n t s .  S i m i l a r  
problems arise i f  t h e  " n o i s e  e n t i t y "  which t h e  r e s p o n d e n t s  were 
a c t u a l l y  r a t i n g  is t h e  sum of t h e  n o i s e  f o r  o n l y  t h e  p o r t i o n  of 
t h e  day when t h e  r e sponden t  is a t  home. Measures of n o i s e  expo- 
s u r e  are  n o t  restricted t o  t i m e s  when t h e  r e sponden t  is a t  home, 
t h u s  a w e i g h t i n g  fo r  t h i s  n o i s e  e n t i t y  can a l so  n o t  be  d e r i v e d .  

E s t i m a t e s  f o r  time-of-day we igh t s  can ,  however, be formed fo r  
t h e  r ema in ing  t w o  of t h e  f i v e  n o i s e  e n t i t i e s .  I f  t h e  "ave rage  
hour"  d u r i n g  each t i m e  p e r i o d  i s  be ing  rated then t h e  time-of-day 
w e i g h t s  are  a s  p r e s e n t e d  i n  t h e  f i r s t  t w o  columns of da ta  i n  t ab l e  
I X .  I f ,  on t h e  o ther  hand, it is t h e  "sum of t h e  n o i s e "  which is 
be ing  rated ( ie .  r e s p o n d e n t s  c o n s i d e r  t h e  l e n g t h  of t h e  t i m e  
p e r i o d s )  t hen  t h e  time-of-day we igh t s  are as p r e s e n t e d  i n  t h e  l a s t  
t w o  columns of d a t a  i n  t a b l e  I X .  In  t h i s  case t h e  d i f f e r e n c e s  i n  
n o i s e  l e v e l s  which  were measured i n  t e r m s  of an a v e r a g e  n o i s e  l e v e l  
d u r i n g  t h e  p e r i o d s  (LEQ) must now be i n c r e a s e d  by a factor  which 
r e f l e c t s  t h e  r e l a t i v e  l e n g t h  of  t h e  dayt ime and other  t i m e  p e r i o d s :  

( T h i s  i s s u e  is d i s c u s s e d  i n  more d e t a i l  i n  an ea r l i e r  pub l i ca -  
t i o n ,  F i e l d s ,  1985a ) .  The v a l u e s  f o r  t h e  day or  even ing  we igh t s  
i n  t h e  l a s t  t w o  columns of t a b l e  I X  are a lways  g r e a t e r  t han  those 
i n  t h e  p r e c e e d i n g  t w o  columns, because t h e  dayt ime p e r i o d  is longer 
than  e i ther  of  t h e  other  p e r i o d s .  

The r e s u l t s  from t h e  " p e r i o d  response"  a n a l y s e s  i n  P a r t  A i n  
table  I X  can be compared w i t h  t h o s e  from t h e  " r e sponden t  r ank ing  
a n a l y s e s "  i n  Par t  B. Both t h e  Heathrow and Canadian s u r v e y s  appea r  
i n  b o t h  p a r t s  of  t h e  t a b l e .  The estimates of  t h e  time-of-day 
w e i g h t s  from t h e  t w o  a n a l y s i s  methods are q u i t e  s imi l a r ,  w i t h i n  
t w o  d e c i b e l s ,  even though t h e  comparison is compl i ca t ed  by t h e  u s e  
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of  three t i m e  p e r i o d s  i n  Par t  A b u t  o n l y  t w o  p e r i o d s  i n  P a r t  B of  
t h e  t a b l e .  

The estimates of  t h e  time-of-day we igh t s  i n  t a b l e  IX are a l l  
p o s i t i v e .  Thus,  a f t e r  t h e  p o s s i b l e  e f f e c t  o f  p e r i o d  n o i s e  l e v e l  
d i f f e r e n c e s  a re  removed, r e s p o n d e n t s  g i v e  a more annoyed r a t i n g  t o  
t h e  n o i s e  l e v e l  i n  t h e s e  " s e n s i t i v e "  p e r i o d s  than  t o  t h e  dayt ime.  

The estimates of t h e  s i z e  of these p o s i t i v e  time-of-day 
w e i g h t s  v a r y  c o n s i d e r a b l y ,  from a h i g h  of wn=60 (DL =18 d B )  t o  a 

l o w  of wn=2 (DL = 3 ) .  T h i s  i n c o n s i s t e n c y  is due t o  t h e  u n c e r t a i n -  
n 

t i e s  a b o u t  t h e  n o i s e  e n t i t i e s  be ing  r a t e d  and t o  d i f f e r e n c e s  
between s u r v e y s .  

n 

The e f f e c t s  of  u n c e r t a i n t i e s  a b o u t  t h e  n o i s e  e n t i t i e s  can be 
assessed by comparing t h e  estimates o f  t h e  w e i g h t s  i n  t h e  l a s t  
t w o  columns of t a b l e  IX w i t h  those i n  t h e  p r e c e e d i n g  t w o  columns. 
T o  t a k e  t h e  worst case, t h e  v a l u e  of t h e  even ing  we igh t  fo r  t h e  
Canadian s u r v e y  i n c r e a s e s  f r o m  an un impor t an t  W e = l  t o  an impor t an t  
we=7 (DL =1 d B  t o  DL =8 d B )  when it is assumed t h a t  r e s p o n d e n t s  are  

c o n s i d e r i n g  t h e  l e n g t h  of t h e  t i m e  p e r i o d s .  The c o n s i d e r a t i o n  of  
t h e  no ise  e n t i t y  a l so  a f f e c t s  c o n c l u s i o n s  a b o u t  t h e  r e l a t i v e  s i z e  
o f  even ing  and n i g h t t i m e  weights .  I f  r e s p o n d e n t s  a re  o n l y  con- 
s i d e r i n g  t h e  a v e r a g e  hour  then  n i g h t t i m e  is  t h e  more s e n s i t i v e  
p e r i o d .  If, on t h e  o t h e r  hand, r e s p o n d e n t s  are c o n s i d e r i n g  t h e  
l e n g t h  of t h e  p e r i o d s  (sum of  t h e  e x p o s u r e s ) ,  t hen  t h e  even ing  is 
e q u a l l y  s e n s i t i v e  (Canadian s u r v e y )  or more s e n s i t i v e  (Heathrow 
s u r v e y ) .  I n  s h o r t 8  t h e  un reso lved  ambigu i ty  i n  t h e  d e f i n i t i o n  of  
t h e  no i se  e n t i t y  affects i m p o r t a n t  conc lus ions .  

e e 

The estimates of t h e  time-of-day w e i g h t s  are a l so  n o t  c o n s i s -  
t e n t  across su rveys .  The estimates of t h e  n i g h t t i m e  weight  i n  
t h e  l a s t  column ( P a r t  A ) ,  f o r  example,  va ry  from wn=65 t o  wn=4. 
The 1967 Heathrow s u r v e y  estimates are  s u b s t a n t i a l l y  h i g h e r  than  
t h o s e  from t h e  o t h e r  f o u r  su rveys .  N e i t h e r  s e t  of estimates can 
be d i smis sed .  The Heathrow r e s u l t s  come f r o m  o n l y  a s i n g l e  s u r v e y 8  
b u t  it is  t h e  s u r v e y  w i t h  des ign  characterist ics which s h o u l d  y i e l d  
t h e  b e s t  estimates ( l a r g e s t  sample s i z e  a n d / a  wider  r ange  of n o i s e  
l e v e l  d i f f e r e n c e s ) .  The estimates from t h e  o t h e r  f o u r  s u r v e y s  are 
ra ther  s i m i l a r  t o  one a n o t h e r ,  b u t  t h e i r  i n d i v i d u a l  estimates are 
based  on w e a k e r  s t u d y  d e s i g n s .  

CONCLUSIONS 

The r e l a t i v e  impor tance  of n o i s e  a t  d i f f e r e n t  t i m e s  o f  day has 
been examined th rough  a n a l y s e s  of  t h e  r e l a t i o n s h i p  between o v e r a l l  
annoyance and t ime-per iod  n o i s e  l e v e l s  and th rough  a n a l y s e s  of t i m e -  
p e r i o d  annoyance measures .  These a n a l y s e s  have l e d  t o  t h e  f o l l o w i n g  
c o n c l u s i o n s  a b o u t  s u r v e y  ev idence  on t h e  r e l a t i v e  impor tance  of 
n o i s e  a t  d i f f e r e n t  t i m e s  o f  day. 
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1. A v a i l a b l e  social  s u r v e r y s  do n o t  p r o v i d e  v a l i d ,  r e l i a b l e  esti- 
mates of t h e  r e l a t i v e  we igh t ing  f o r  n o i s e  l e v e l s  d u r i n g  d i f f e r e n t  
t i m e s  o f  day which w i l l  b e s t  p r e d i c t  o v e r a l l  (24-hour)  n o i s e  annoy- 
ance .  The estimates from t h e  s u r v e y s  are so  i n a c c u r a t e  t h a t  t h e y  
d o  n o t  a id  i n  choos ing  between t h e  v a r i o u s  time-of-day weighted 
n o i s e  i n d i c e s  o r  even between the  weighted  (eg .  L D N )  and t h e  un- 
weighted  i n d i c e s  (eg .  24-hour LEQ) .  

2 .  The estimates are  h i g h l y  u n r e l i a b l e  because  t h e  day and n i g h t  
n o i s e  envi ronments  i n c l u d e d  i n  t h e  s t u d i e s  are h i g h l y  correlated. 
There  is n o  e v i d e n c e  t h a t  t h e s e  estimates are b i a s e d  by t h e  t y p e  
of  annoyance q u e s t i o n  used. There is n o  ev idence  t h a t  annoyance 
would be b e t t e r  e x p l a i n e d  by models o ther  than  t h e  a d j u s t e d  ene rgy  
no i se  r e a c t i o n  model. 

3 .  Analyses  of t ime-per iod  annoyance measures  s u g g e s t  t h a t  annoy- 
ance  is g r e a t e r  i n  r e s i d e n t i a l  areas d u r i n g  even ing  and n i g h t t i m e  
p e r i o d s  . 
4 .  Evening and n i g h t t i m e  r e a c t i o n s  are g r e a t e r  than  dayt ime reac- 
t i o n s  t o  t h e  same t ime-per iod  n o i s e  l e v e l ,  b u t  t h e  e s t i m a t e s  of 
t h e  d e c i b e l  e q u i v a l e n t  of t h i s  d i f f e r e n c e  i n  r e a c t i o n s  are n o t  
found t o  be c o n s i s t e n t  i n  t h e  d i f f e r e n t  su rveys .  The estimated 
d e c i b e l  e q u i v a l e n t  of t h i s  t ime-period annoyance d i f f e r e n c e  v a r i e s  
f rom 1 d B  t o  18 d B ,  depending on t h e  su rvey .  The r e l a t i v e  import-  
ance  o f  even ing  compared t o  n i g h t t i m e  n o i s e  can n o t  be e s t a b l i s h e d .  

5. R e s u l t s  from t ime-per iod  annoyance a n a l y s e s  can n o t  be used  
t o  d e r i v e  v a l i d  estimates of time-of-day weights .  The t ime-period 
annoyance m e a s u r e s  can n o t  p r o v i d e  d i r e c t  ev idence  abou t  t h e  rela- 
t i o n s h i p  between o v e r a l l  annoyance and t ime-per iod  n o i s e  l e v e l s .  
The t i m e  p e r i o d  annoyance measures  are a l so  f lawed by a m b i g u i t i e s  
i n  t h e  d e f i n i t i o n s  of  t h e  n o i s e  e n t i t y  which is ra ted ,  by t h e  
p o s s i b i l i t y  t h a t  some responden t s  r e p o r t  a c o u s t i c a l  f ac t s  a b o u t  
n o i s e  rather than  t h e i r  f e e l i n g s ,  by t h e  con tamina t ion  of  f e e l i n g s  
abou t  one t ime-per iod  by f e e l i n g s  i n  a n o t h e r  t i m e  p e r i o d ,  and by 
t h e  p o s s i b i l i t y  t h a t  t h e  conven t iona l  wisdom a b o u t  t h e  impor tance  
of n i g h t t i m e  n o i s e ,  r a t h e r  than  an equa l  f e e l i n g ,  is  be ing  r e p o r t e d .  
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APPENDIX A: 

ANNOYANCE SCALES 

The annoyance scales are p r e s e n t e d  under  t h r e e  broad head ings  
which p a r a l l e l  t h e  t h r e e  t y p e s  of  a n a l y s e s  used  i n  t h i s  report :  
O v e r a l l  Annoyance Scales, P e r i o d  Annoyance R a t i n g  Q u e s t i o n s ,  
Annoyance Ranking Q u e s t i o n s ,  A l l  of  t h e  q u e s t i o n s  which appea r  
i n  F i g u r e s  1 t o  6 are  p r e s e n t e d  i n  t h e  Annoyance Ranking s e c t i o n .  
The numbers which a p p e a r  i n  p a r e n t h e s e s  by each answer c a t e g o r y  
are t h e  v a l u e s  which are used  i n  q u a n t i t a t i v e  a n a l y s e s .  

OVERALL ANNOYANCE SCALES 

Verba l  Category  Scales 

1. 

2. 

3. 

4 .  

5. 

(1967 Heathrow Survey)  
"SHOW CARD A: P l e a s e  l o o k  a t  t h i s  s c a l e  and t e l l  m e  how 
much t h e  n o i s e  of  t h e  a i r c r a f t  b o t h e r s  o r  annoys you (ORDIN-  
ARY FLIGHTS NOT S O N I C  BOOM) ( 4 )  Very much, ( 3 ) - M o d e r a t e l y ,  
( 2 )  A l i t t l e ,  (1) N o t  a t  al l . ' '  

(England T r a f f i c  Survey)  
" A l t o g e t h e r ,  how much are you bo the red  or d i s t u r b e d  by t h e  
n o i s e  of road t r a f f i c  when you are  i n d o o r s  a t  home? Does it 
b o t h e r  you. . ( 4 )  Very much, ( 3 )  q u i t e  a l o t ,  ( 2 )  n o t  ve ry  
much, (1) or n o t  a t  a l l . "  

(1975 South  O n t a r i o )  
"HOW would ra te  t h e  o v e r a l l  n o i s e  i n  t h i s  neighborhood? (1) 
Extremely Agreeab le ,  (1) Cons ide rab ly  Agreeab le ,  (1) Moder- 
a t e l y  Agreeable, (1 ) S1 i g h t l y  Agreeab le ,  ( 1) N e u t r a l ,  (2) 
S l i g h t l y  D i s t u r b i n g ,  ( 3 )  Modera te ly  D i s t u r b i n g ,  (4) Consider-  
a b l y  D i s t u r b i n g ,  ( 5 )  Extremely D i s t u r b i n g .  '' [The t o p  t w o  
c a t e g o r i e s ,  " c o n s i d e r a b l y "  and 'I ext remely" ,  d e f i n e  h i g h  
annoyance f o r  t h e  dichotomous h i g h  annoyance scale. I 

(1976 Sou th  O n t a r i o ,  and 1978 O n t a r i o )  
"Here is a l i s t  of common sounds (you have a l r e a d y  mentioned 
some). D o  you e v e r  n o t i c e  any of these (any  of  t h e  o thers )?  
"HOW d o  you ra te  each  of t h e  sounds you have mentioned.. .  
main r o a d  t r a f f i c . . . ?  (1) Extremely Agreeab le ,  (1) Consider-  
a b l e  Agreeab le ,  (1) Moderately Agreeable, (1) S l i g h t l y  
Agreeab le ,  (1) N e u t r a l ,  ( 2 )  S l i g h t l y  D i s t u r b i n g ,  ( 3 )  Moder- 
a t e l y  D i s t u r b i n g ,  ( 4 )  Cons ide rab ly  D i s t u r b i n g ,  ( 5 )  Extremely 
D i s t u r b i n g " .  [The top t w o  c a t e g o r i e s ,  "Cons ide rab le"  and 
"Extremely",  d e f i n e  t h e  h i g h  annoyance f o r  t h e  dichotomous 
h i g h  annoyance scale. 1 

(F rench  Expressway) E n g l i s h  T r a n s l a t i o n  
" A r e  you: (1) n o t  a t  a l l  d i s t u r b e d ,  ( 2 )  h a r d l y  d i s t u r b e d ,  
( 3 )  rather d i s t u r b e d ,  ( 4 )  h i g h l y  d i s t u b e d ,  by t h e  n o i s e  of 
t h e  means o f  t r a n s p o r t a t i o n ? "  
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["Etes-vous : (1) p a s  du t o u t  
gene ,  ( 2 )  peu gene ,  ( 3 )  a s s e z  gene,  ( 4 )  tres gene ,  par l e  
b r u i t  moyens de t r a n s p o r t ? ]  'I 

"Does t h e  n o i s e  of  t h e  t r a i n s  b o t h e r  or annoy you: ( 4 )  Very 
much, ( 3 )  Modera te ly ,  ( 2 )  A l i t t l e ,  (1) N o t  a t  a l l ? "  

6 .  ( B r i t i s h  Railway Survey)  

Numeric Scales 

1. 

2. 

3 .  

4 .  

5. 

6 .  

(USA Nine A i r p o r t  Survey)  
T h i s  thermometer  scale h a s  l a b e l e d  end p o i n t s .  "HOW much 
are you b o t h e r e d  or annoyed by a i r c r a f t  no ise? . . .Ext remely  
4 3 2 1 0 N o t  a t  a l l . "  [The t o p  c a t e g o r y  is used t o  d e f i n e  
annoyance f o r  t h e  two-category measure o f  h i g h  annoyance. 1 

(England T r a f f i c  Survey)  
"...how do you f e e l  a b o u t  t h e  amount of  n o i s e  h e r e  f rom cars 
or l o r r i e s  or o t h e r  road t r a f f i c ? . . . D e f i n i t e l y  s a t i s f a c t o r y  1 2 
3 4 5 6 7 D e f i n i t e l y  u n s a t i s f a c t o r y ? "  

(1976 South  O n t a r i o )  
"Please i n d i c a t e  t h e  l e v e l  of d i s t u r b a n c e  caused  by t h e  ... 
main road t r a f f i c  n o i s e  ... by r a t i n g  y o u r  d i s t u r b a n c e  on a 
sca le  of  0 t o  1 0 ,  where 0 i n d i c a t e s  n o t  a t  a l l  d i s t u r b e d ,  
and 10  i n d i c a t e s  unbea rab ly  d i s t u r b e d .  Please p u t  your  
r a t i n g  i n  t h e  f irst  box, marked o v e r a l l . "  

(1978 O n t a r i o  Survey)  
"On t h i s  scale from 0 ( n o t  a t  a l l  d i s t u b e d )  t o  10 (unbea rab ly  
d i s t u r b e d )  how do you ra te  main road t r a f f i c  n o i s e  and t h e  
ove r a l l  n o i s e ?  'I 

(Western O n t a r i o  T r a f f i c )  
How annoyed are you by. . . t r a f f i c  n o i s e .  . . when you are 
home? (Card C)" [Card C has  a fo rma t  s i m i l a r  t o  t h e  f o l l o w i n g ]  

N o t  a t  
a1 1 Moderately Very 

Annoyed Annoyed Annoyed 
1 2 3 4 5 6 7 

( B r i t i s h  Railway Survey)  
"Please l o o k  a t  t h i s  scale and t e l l  m e  how you f e e l  a b o u t  
t h e  amount o f  n o i s e  h e r e  from p a s s e n g e r ,  goods,  and o t h e r  
t r a i n s ? . . . D e f i n i t e l y  S a t i s f a c t o r y  1 2 3 4 5 6 7 D e f i n i t e l y  
U n s a t i s f a c t o r y  . I' 

I n d i c e s  C r e a t e d  From More Than One Q u e s t i o n  

1. Summed annoyance index  ( B r i t i s h  Railway Survey)  
T h i s  index  is based  on t h e  a v e r a g e  of a r e s p o n d e n t ' s  r a t i n g s  

-30- 



2. 

on t w o  v e r b a l  c a t e g o r y  scales ( i n c l u d i n g  t h e  one i n  t h i s  
append ix )  and t h r e e  numer i ca l  r a t ing  scales (one  is i n  t h i s  
a p p e n d i x ) .  A l l  r e f e r  t o  annoyance w i t h  r a i l w a y  n o i s e  gener-  
a l l y .  ( F i e l d s  and W a l k e r ,  1982: p. 254) 

A c t i v i t y  i n t e r f e r e n c e  index  (USA Nine A i r p o r t  Su rvey)  
T h i s  a c t i v i t y  index  is based on t h e  sum of  t h e  annoyance 
e x p r e s s e d  on n i n e  a c t i v i t y  i t e m s .  Each i t e m  is scored from 
0-4 depending  on how much t h e  person  is annoyed by t h e  
p a r t i c u l a r  i n t e r f e r e n c e  (see numer ic  scale i n  t h i s  append ix )  . 
The n i n e  i t e m s  are t h e  fo l lowing :  r e l a x i n g  or r e s t i n g  
i n s i d e ,  r e l a x i n g  o u t s i d e ,  s l e e p i n g ,  c o n v e r s a t i o n ,  t e l e p h o n e  
c o n v e r s a t i o n ,  l i s t e n i n g  t o  records or  t a p e s ,  l i s t e n i n g  t o  
r a d i o  o r  TV, r e a d i n g  or c o n c e n t r a t i o n ,  and e a t i n g .  There  
are some d i f f e r e n c e s  i n  t h e  s l e e p  q u e s t i o n s  and TV q u e s t i o n s  
between t h e  t h r e e  phases  of t h i s  s t u d y  b u t  these are s m a l l  
enough t h a t  t h e y  s h o u l d  n o t  have a f f e c t e d  t h e  way t h e  t o t a l  
scale  re la tes  t o  annoyance a t  d i f f e r e n t  t i m e s  of day. 

3. A c t i v i t y  i n t e r f e r e n c e  index (1967 Heathrow Survey)  
One p o i n t  is s c o r e d  f o r  any annoyance on t h e  v e r b a l  c a t e g o r y  
scale  and f o r  each a c t i v i t y  upon which a p a r t i c u l a r  l e v e l  of  
annoyance is r e p o r t e d .  
P a r t  1: "Do t h e  a i r c r a f t  ever . . . (wake you up; i n t e r f e r e  
w i t h  l i s t e n i n g  t o  r a d i o  o r  TV; make  t h e  house v i b r a t e  or 
shake ;  i n t e r f e r e  w i t h  c o n v e r s a t i o n ;  i n t e r f e r e  w i t h  o r  d i s t u r b  
any o t h e r  a c t i v i t y  or i n  any o t h e r  way)?" 
Par t  2: "When they...how annoyed does t h i s  make you f e e l ?  
Very, modera t e ly ,  l i t t l e ,  or n o t  a t  a l l ? "  
( F o r  wake  you up and i n t e r f e r e  w i t h  c o n v e r s a t i o n ,  r e s p o n s e s  
of "modera te ly"  or "very"  annoyed are s c o r e d  "1". For each  
of t h e  r ema in ing  a c t i v i t y  i n t e r f e r e n c e  q u e s t i o n s  any annoyance 
is scored "1". ) 

P E R I O D  ANNOYANCE RATING QUESTIONS 

1. (1967 Heathrow Survey)  
"1 would l i k e  you t o  t e l l  m e  a t  what t i m e s  o f  t h e  day you 
f i n d  you are u s u a l l y  most b o t h e r e d  by a i r c r a f t  d u r i n g  t h e  
w e e k .  (SHOW CARD B) L e t ' s  t a k e  t h e  morning first: p l e a s e  
l o o k  a t  t h i s  scale  and p i c k  o u t  t h e  number which i n d i c a t e s  
how b o t h e r e d  or annoyed you f e e l  d u r i n g  t h e  morning. 
And how a b o u t  t h e  a f t e r n o o n ?  /Evening?/At n i g h t  a f t e r  you 
have  gone t o  bed?...Very much b o t h e r e d  7 6 5 4 3 2 1 Not a t  
a1 1 b o t  he  red 'I 

2. (1978 O n t a r i o )  
"On t h i s  scale from 0 ( n o t  a t  a l l  d i s t u r b e d )  t o  10 ( u n b e a r a b l y  
d i s t u r b e d )  how do you r a t e  main road  t r a f f i c  n o i s e ? .  . . i n d o o r s  
day / indoors  evening/n i g h t ? "  

3. (1978 Zur i ch  Road T r a f f i c  Survey)  E n g l i s h  t r a n s l a t i o n  
" L e t  u s  assume t h a t  t h e s e  are thermometers  w i t h  which t h e  
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d e g r e e  of  d i s t u r b a n c e  can be measured. The number 10 
means t h a t  you are almost unbea rab ly  d i s t u r b e d ,  t h e  number 0 
t h a t  you are n o t  d i s t u r b e d  a t  a l l .  
W e  would now l i k e  t o  f i n d  t h e  d i s t u r b a n c e  e x p e r i e n c e d  by 
you. Please mark  on t h e  f i r s t  thermometer t h e  d i s t u r b a n c e  
e x p e r i e n c e d  by you d u r i n g  t h e  day,  on t h e  second t h e  one 
e x p e r i e n c e d  d u r i n g  t h e  n i g h t .  (Please s imply  m a r k  t h e  
c o r r e s p o n d i n g  number)." (10 = e x t r e m e l y  annoying ,  0 = n o t  
a t  a l l  d i s t u r b i n g )  

["Nehmen w i r  an ,  d i e s  waren Themometer, m i t  denen man 
messen kann, w i e  s t a r k  man s i c h  du rch  den V e r k e h r s l a r m  
g e s t o r t  f u h l t .  D i e  m a r k e  10 b e d e u t e t ,  d a s s  man f a s t  
u n e r t r a g l i c h  g e s t o r t  ist,  d i e  Marke 0 ,  d a s s  man ube rhaup t  
n i c h t  g e s t o r t  ist. 
W i r  mochten nun d i e  von Ihnen zu hause  empfundene S to rung  
e r f a s s e n .  Wurden S i e  b i t t e  auf  dem e r s t e n  Thermometer d i e  
von Ihnen t a g s u b e r  empfundene S to rung  e i n t r a g e n ,  a u f  dem 
zwei ten  Thermometer d i e j e n i g e  S to rung ,  d i e  Sie i n  d e r  Nacht 
empfinden. ( B i t t e  e i n f a c h  b e i  d e r  en t sp rechenden  Zahl 
a n k r e u z e n ) . " ( l O  = stort u n e r t r a g l i c h ,  0 = s t o r t  ke in  b i s s c h e n ) ]  

4 .  (1979 French Road T r a f f i c  Survey)  
" A t  n i g h t  ( . . .During t h e  dayt ime ... ) do you f i n d  t h e  t r a f f i c  
n o i s e  is ve ry  annoying ,  f a i r l y  annoying,  a l i t t l e  annoying 
or  n o t  a t  a l l  annoying?" 

["Dans l a  j o u r n e e ,  es t imez-vous que  l e  b r u i t  de l a  c i r c u l a t i o n  
es t :  t res  g e n a n t ,  a s s e z  g e n a n t ,  peu g e n a n t ,  p a s  du t o u t  
genan t?" ]  

[ " L a  n u i t ,  t rouvez-vous que l e  b r u i t  de  l a  c i r c u l a t i o n  est: 
tres g e n a n t ,  a s s e z  genan t ,  peu g e n a n t ,  p a s  g e n a n t  du 
t ou t ? 'I 3 

ANNOYANCE R A N K I N G  QUESTIONS ( f i g u r e s  1 t o  6 )  

(The q u e s t i o n s  are  i d e n t i f i e d  by f i g u r e  number and p r e s e n t e d  i n  
t h e  order i n  which t h e y  a p p e a r  i n  t h e  f i g u r e s . )  

Fig.  l a .  1961 Heathrow A i r c r a f t  Noise Survey  
"DO you f i n d  t h e  a i r c r a f t  b o t h e r  you most d u r i n g  t h e  morning 

(6 -12) ,  t h e  a f t e r n o o n  (12-6) ,  t h e  even ing  (6-11)  or t h e  
n i g h t  (11-8)?"  

F i g .  l b .  1967 Heathrow A i r c r a f t  Noise Survey 
(See P e r i o d  Annoyance R a t i n g  Q u e s t i o n s )  

"When d o  you f i n d  t h e  n o i s e  of an a i r c r a f t  m o s t  d i s t u r b i n g  
around here: d u r i n g  t h e  n i g h t  when you are t r y i n g  t o  sleep, 
d u r i n g  t h e  even ing ,  or d u r i n g  t h e  dayt ime?" 

F ig .  IC. 1972 Heathrow A i r c r a f t  Noise Survey 
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F i g .  

Very 

Id .  1971 Gatwich A i r c r a f t  Noise Survey 
"I would l i k e  you t o  t e l l  m e  a t  what t i m e s  of  t h e  day you 
f i n d  you are u s u a l l y  m o s t  b o t h e r e d  by A i r c r a f t  d u r i n g  t h e  
Week (Monday t o  F r i d a y ) .  (SHOW CARD B) L e t ' s  t a k e  t h e  
morning f i r s t . . . P l e a s e  l o o k  a t  t h i s  scale and p i c k  o u t  t h e  
number which i n d i c a t e s  how bo the red  or annoyed you feel  
d u r i n g  t h e  Morning (6-12 am)/Afternoon (12-6 pm)/Evening 
(6-11 pm)/Night (11-6 a m ) . . . ?  

much N o t  a t  a l l  
bo t h e  r e d  7 6 5 4 3 2 1 bo the red"  

Fig.  

Fig.  

Fig.  

Fig.  

Fig.  

Fig.  

Fig.  

2a.- 1973 Los Angeles  A i r p o r t  N igh t t ime  Study 
"Does a i r c r a f t  n o i s e  annoy you more when you are t r y i n g  t o  
s l e e p  a t  n i g h t  or does  it annoy you more a t  o t h e r  t i m e s  
d u r i n g  t h e  day?" 

2b. 1970 USA A i r p o r t  Survey (Two s m a l l  a i r p o r t s )  
"What t i m e s  of t h e  day do you p a r t i c u l a r l y  n o t i c e  a i r c r a f t  
noise?...WEEKDAYS...Morning (6-9,9-121, Af te rnoon (12-3,3-6),  
Evening (6-9,9-12) ,  Night  (12-3,3-6)." 

2c. 1980 A u s t r a l i a n  F ive  A i r p o r t  Survey 
"Suppose you were a b l e  t o  have a i r c r a f t  s t o p p e d  from f l y i n g  
o v e r  i n  one of t h e s e  3-hour p e r i o d s  (SHOW CARD E ) ,  which one 
would you m o s t  l i k e  t o  have f r e e  from a i r c r a f t  n o i s e ? "  - 
2d. 1972 J F K  A i r p o r t  Noise Survey 
"During weekdays are you u s u a l l y  a t  home d u r i n g  most of the. . .  
( d a y  from 7:OQ a m  t o  7:OO pm/evening from 7:OO t o  11:OO pm/ 
n i g h t  f rom 11:OO p m  t o  7:OO a m )  [ I f  y e s ,  A s k  "A"] 

A. Using t h e  Degree S c a l e ,  cou ld  you t e l l  m e  how much t h e  
n o i s e  f rom a i r p l a n e s  b o t h e r s  o r  annoys you d u r i n g  t h e  ... day/evening/n ight  ... ? V e r y  much 4 3 2 1 N o t  a t  a l l "  

3a. 1975 Western O n t a r i o  T r a f f i c  Noise Survey 
"Around t h i s  t i m e  o f  y e a r ,  how annoyed are  you by t r a f f i c  
n o i s e  d u r i n g  t h e  f o l l o w i n g  t i m e  p e r i o d s  i n  t h e  week (Mon - 
F r i )  when you are home?. . . [CARD C h a s  a fo rma t  s i m i l a r  t o  
t h e  f o l l o w i n g ]  

N o t  a t  
a1 1 Moderately Very 

annoyed annoyed annoyed 
1 2 3 4 5 6 7 

3b. 1967 Southern  O n t a r i o  T r a f f i c  Noise Survey  
"What days  and t i m e s  are you d i s t u r b e d  m o s t ?  [Main Road 
T r a f f i c  Noise]  

3c. 1978 O n t a r i o  Survey 
On t h i s  scale from Q ( n o t  a t  a l l  d i s t u r b e d )  t o  1 0  (unbear -  
a b l y  d i s t u r b e d )  how do  you ra te  main r o a d  no i se . .  , i n d o o r s  
day / indoors  even ing /n igh t?  
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Fig.  3d. 1974 USA 24-Community Survey 
"Is n o i s e  i n  y o u r  ne ighborhood more annoying  a t  one t i m e  of 
day  t h a n  a n o t h e r ?  [Morning, Af t e rnoon ,  Evening,  N igh t ]  

Fig.  4a. 1971 Swiss  Three  C i t y  A i rpo r t  Survey  E n g l i s h  t r a n s l a t i o n  
" A t  what t i m e  d u r i n g  day or n i g h t  does  a i r p l a n e  n o i s e  
b o t h e r  you m o s t ?  I n  e a r l y  morning (0600 t o  0800 a m ) ,  During 
fo renoon  (0800 t o  12001, During noon (1200 a m  t o  1400 p m ) ,  
I n  t h e  a f t e r n o o n  (1400 t o  1800 pm), I n  t h e  e v e n i n g  (1800 t o  
2200 p m ) ,  A t  n i g h t  (2200 pm t o  0600 a m ) ,  Always t h e  same, 
I d o n ' t  know." 

[ "Zu Welcher  Tages- Oder N a c h t z e i t  S t o r t  S i e  
D e r  F lug la rm Besonders?  Am Morgen (06-08h) , Am V o r m i t t a g  
(06-12h) ,  Am Mittag (12-14h) ,  Am Nachmi t tag  (14-18h) ,  Am 
Abend (18-22h) ,  I n  d e r  Nacht (22-06h) ,  Immer g l e i c h ,  Weiss 
n i ch  t I' 3 

F ig .  4b,  4c. 1977 Zur i ch  Street T r a f f i c  Noise Survey ,  
1976 Zur i ch  S t r e e t  T r a f f i c  Noise Survey  

E n g l i s h  T r a n s l a t i o n  
"You know t h a t  may p e o p l e  today  are d i s t u r b e d  by t r a f f i c  
n o i s e .  H o w  is y o u r  s i t u a t i o n ,  are you b o t h e r e d  a t  home by 
t r a f f i c  n o i s e ? .  . . f r e q u e n t l y ,  o c c a s i o n a l l y ,  seldom, neve r .  
I f  " f r e q u e n t l y " ,  " o c c a s i o n a l l y "  o r  "seldom", a t  what  t i m e  
d o e s  t r a f f i c  n o i s e  d i s t u r b  you t h e  m o s t ?  ( o n l y  one  e n t r y ,  
please) i n  t h e  morning (6 -9 ) ,  d u r i n g  t h e  day (9-191, e v e n i n g s  
(19-221, n i g h t s  (22-6) .  (Note: t h e  d i v i s i o n  between e v e n i n g  
is  2300 i n  1 9 7 6 ) . "  

[ " S i e  wissen  j a ,  d a s s  h e u t e  v i e l e  L e u t e  d u r c h  Verkehr s l a rm 
ges tor t  werden. Wie s t e h t  es b e i  Ihnen ,  Werden S i e  zu Hause 
d u r c h  Verkehr s l a rm g e s t o r t ? . . . h a u f i g ,  g e l e g e n t l i c h ,  s e l t e n ,  
n i e . "  

["Wenn " h a u f i g " ,  " g e l e g e n t l i c h "  o d e r  " s e l t e n " ,  zu we lche r  
Zeit s t o r t  S i e  der Verkehr s l a rm a m  
m e i s t e n ?  ( B i t t e  n u r  e i n e  Nennung) v o r m i t t a g s  (6-91, t a g s u b e r  
(9 -19) ,  abends  (19-22) ,  n a c h t s  (22-6).1" 

Fig.  4d. 1978 Zur i ch  Time-of-day Road T r a f f i c  Noise Survey 
" A t  what  t i m e  o f  t h e  day  or  n i g h t  do  you e x p e r i e n c e  t h e  
d i s t u r b a n c e  by t r a f f i c  t h e  most? When n e x t  t o  m o s t ?  ( P l e a s e  
o n l y  one mark e a c h ) .  . . e a r l y  i n  t h e  morning (04-061, i n  t h e  
morning (06 -08) ,  d u r i n g  t h e  day (08-19) ,  ea r ly  i n  t h e  e v e n i n g  
(19-221, l a t e  i n  t h e  even ing  (22-241, a t  n i g h t  (24-041, 
a lways  t h e  same,. . . the m o s t ,  n e x t  t o  m o s t ! "  

["Zu w e l c h e r  Tages-oder N a c h t z e i t  empf inden S i e  d i e  S t o r u n g  
d u r c h  den Verkehr s l a rm a m  m e i s t e n ?  Zu w e l c h e r  a m  zwe i tme i s t en?  
( B i t t e  je n u r  e i n e  Nennung)... a m  f r u h e n  Morgen (04-06) ,  a m  
Morgen (06-08) ,  t a g s u b e r  (08-191, a m  f ruhen  Abend (19-221, 
a m  s p a t e n  Abend (22-241, n a c h t s  (24-041, immer g l e i c h " ]  
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Fig. 5a. JFK Q u e s t i o n n a i r e  Development Survey (Annoyance measured 
h o u r l y  w i t h  20 p o i n t  scale) 
"Now I would l i k e  you t o  t e l l  m e  i n  a d i f f e r e n t  way 
a b o u t  t h e  t i m e s  d u r i n g  which you are [ u s u a l l y  annoyed by a i r -  
p l a n e  n o i s e ] .  SHOW CATEGORY SCALE. T h i s  l i n e  ( P O I N T )  
r e p r e s e n t s  a twenty- four  hour  p e r i o d .  The l i n e  is d i v i d e d  
i n t o  one  hour  p e r i o d s ,  and for  convenience  w e  have marked 
t h e  p o s i t i o n s  of  6 AM, noon, 6 PM and midnight .  t h e  v e r t i c a l  
1 i n e  of t h e  l e f t  (POINT) r e p r e s e n t s  y o u r  d e g r e e  of annoyance. 
I would l i k e  you t o  t e l l  m e  how annoyed you u s u a l l y  are by 
a i r p l a n e  n o i s e  d u r i n g  each hour  of t h e  day and n i g h t .  for  
e a c h  one  hour  p e r i o d  I would l i k e  you t o  draw v e r t i c a l  l i n e  
whose l e n g t h  i n d i c a t e s  t h e  d e g r e e  o f  annoyance d u r i n g  t h a t  - hour .  U s e  t h e  scale on t h e  l e f t  a s  y o u r  r e f e r e n c e .  Fo r  
example,  i n  order t o  i n d i c a t e  your  annoyance d u r i n g  t h e  
p e r i o d s  from 10-11 AM, you would draw a l i n e  s t a r t i n g  a t  t h e  
1 0  AM mark .  The l e n g t h  o f  t h e  l i n e  r e p r e s e n t s  your  degree 
o f  annoyance d u r i n g  t h a t  hour.  A l i n e  go ing  a l l  t h e  way t o  
t h e  t o p  r e p r e s e n t s  t h e  maximum d e g r e e  of annoyance. t h i s  
l i n e  (show l i n e )  r e p r e s e n t s  a medium d e g r e e  of annoyance. 
I f  you are n o t  u s u a l l y  annoyed by a i r p l a n e  n o i s e  d u r i n g  a 
p a r t i c u l a r  h o u r ,  then  you would draw n o  l i n e  a t  t h a t  hour.  
t h a t  would i n d i c a t e  z e r o  d e g r e e  of annoyance. D o  you have 
any q u e s t i o n s ? "  

F ig .  5b. (Annoyance measured i n  top p r i o r i t y  fo r  e l i m i n a t i n g  n o i s e )  
"Here is a l i s t  of  1 2  two-hour periods.  HAND L I S T .  Imagine 
t h a t  t h e  a i r c r a f t  n o i s e  i n  t h i s  ne ighborhood c o u l d  be s t o p p e d  
c o m p l e t e l y  f o r  a s i n g l e  two-hour p e r i o d .  I n  e v e r y  o t h e r  
respect, t h e  amount of n o i s e  would be unchanged. P i c k  t h e  
p e r i o d  which you would want m o s t  of a l l  t o  be q u i e t .  OBTAIN 
RESPONSE. P u t  a '1' n e x t  t o  t h a t  p e r i o d  on t h e  s h e e t .  N o w  
suppose  a i r c r a f t  n o i s e  c o u l d n ' t  be s t o p p e d  d u r i n g  t h a t  
p e r i o d .  What p e r i o d  would you choose i n s t e a d ?  P u t  a ' 2 '  
n e x t  t o  t h a t  period on t h e  sheet. OBTAIN RESPONSE. Now 
c o n t i n u e  w i t h  t h i s  t h rough  t h e  remainder  of  t h e  l i s t ,  r a n k i n g  
of  periods i n  t h e  order i n  which you would m o s t  l i k e  them t o  
be  f r e e  of n o i s e . "  

F ig .  5c. (Annoyance measured i n  $100 t o  r e d u c e  n o i s e  ( t w o  p e r i o d s ) )  
IIQ.  Now l e t  u s  imagine t h a t  someone were t o  spend money on 
r e d u c i n g  a i r c ra f t  n o i s e  i n  t h i s  community. Out of e v e r y  
$100.00,  how much would you want s p e n t  on r e d u c i n g  n o i s e  
between 1 0  PM and 7 AM and how much would you want s p e n t  on 
n o i s e  between 7 AM and 10 PM?" 

F ig .  5d. (Annoyance measured i n  a l l o c a t i o n  o f  $100 t o  reduce  
n o i s e  ( 3  p e r i o d s ) )  

"Q. N o w  d i v i d e  t h e  day i n t o  three p e r i o d s :  7 AM - 7 PM, 
7 PM - 10 PM, 10  PM - 7 AM. How would you d i v i d e  100 d o l l a r s ? "  

Fig.  6 1975 B r i t i s h  N a t i o n a l  Railway Noise Survey 
Q A "DO you f i n d  t h e  t r a i n  n o i s e  is more annoying a t  cer- 
t a i n  t i m e s  o f  t h e  day or is it always t h e  same? 
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I F  MORE ANNOYSNG AT CERTAIN T I M E S  

Q B " A t  what t i m e  do  you f i n d  t h e  t r a i n  n o i s e  m o s t  annoying? 
(Morning 8-12 a m ,  Afternoon 12-6, Evening 6-11 pm, Night  11-8, 

A l l  e q u a l l y ,  Evening and n i g h t ) "  
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APPENDIX B: 

LIST OF SURVEYS USED I N  ANALYSES 

[The s i x  d i g i t  i d e n t i f i c a t i o n  number p r e c e e d i n g  each  survey t i t l e  
is t h e  i d e n t i f i c a t i o n  number used  i n  a c a t a l o g  o f  social s u r v e y s  
o f  no i se  

UKD- 0 0 8 
USA-022 
UKD-024 
USA-032 
USA- 0 4 4 
UK D- 0 5 2 
SWI-053 
USA- 0 5 9 
UKD-061 
UKD-071 
UKD-072 
USA-082 
FRA-092 
USA- 10 2 
UKD-116 
CAN-120 
CAN- 1 2 1 
CAN-121 
SWI-13 3 
SWI-158 
CAN-16 8 
SWI-173 
FRA-197 
AUL-210 
XXX-820 

- 

annoyance ( F i e l d s ,  1981) .  I 

1961 Heathrow A i r c r a f t  Noise Survey  ( F i r s t  Heathrow Survey)  
1967 U.S.A. Four A i r p o r t  Survey (Phase  I o f  TRACOR Survey)  
1967 Heathrow A i r c r a f t  Noise Study (2nd Heathrow Survey)  
1969 U.S.A. Three  A i r p o r t  Survey (Phase  I1 TRACOR Survey)  
1970 U.S.A. Small  C i t y  A i r p o r t s  (Smal l  C i t y  TRACOR Survey)  
1971 G a t w i c k  A i r p o r t  Noise Survey 
1971 Three  C i t y  Swiss  Noise Survey 
1972 JFK A i r p o r t  Noise Survey 
1972 Heathrow A i r p o r t  Noise P i l o t  Survey  
1972 B.R.S. London T r a f f i c  Noise Survey 
1972 E n g l i s h  Road T r a f f i c  Survey 
1973 Los Angeles  A i r p o r t  Night  S tudy  
1973 French 10 C i t y  T r a f f i c  Noise Survey  
1974 U.S.A. 24 S i t e  Community Noise Survey 
1975 B r i t i s h  Nat ional  Railway Noise Survey 
1975 Western O n t a r i o  U n i v e r s i t y  T r a f f i c  Noise Survey 
1975 Southern  O n t a r i o  Community Survey 
1976 Southern  O n t a r i o  Community Survey 
1976 Zur ich  S t r e e t  T r a f f i c  Noise ( A p a r t m e n t s )  Survey  
1977 Zur ich  P i l o t  T r a f f i c  Noise Survey 
1978 Canadian Four  A i r p o r t  Survey 
1978 Zur ich  Time-of-Day Survey 
1979 French Behav io ra l  E f f e c t s  o f  Road Noise S tudy  
1980 A u s t r a l i a n  F ive  A i r p o r t  S tudy  [Not i n  1981 c a t a l o g ]  
JFK Time-of-Day Annoyance Measurement Development S tudy  

[ T h i s  s u r v e y  is n o t  i n c l u d e d  i n  t h e  1981 c a t a l o g ]  
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APPENDIX C: 

SAMPLING ERROR COMPUTATIONS 

A l l  of t h e  s u r v e y s  described i n  t h i s  r e p o r t  are based  on area 
samples  i n  which there is a c l u s t e r i n g  of r e s p o n d e n t s  i n t o  areas. 
Some of t h e  samples  are p r o b a b i l i t y  samples  and some are p u r p o s i v e  
samples  o f  d i f f e r e n t  t y p e s  of areas. A l l  s t u d i e s  have m u l t i p l e  
s e l e c t i o n s  w i t h i n  e a c h  s e l e c t e d  s t u d y  area. P r e v i o u s  p u b l i c a t i o n s  
have r e p o r t e d  t h a t  a f t e r  t h e  e f f e c t s  of n o i s e  l e v e l  are removed, 
t h e r e  is e v i d e n c e  t h a t  a r e a  of r e s i d e n c e  a f f e c t s  r e s p o n s e  ( F i e l d s  
and W a l k e r ,  1982; F i e l d s ,  1982; F i e l d s ,  1984: p. 462). Sampling 
e r r o r  c a l c u l a t i o n s  must t a k e  i n t o  accoun t  t h a t  c l u s t e r i n g  of re- 
sponses .  In  t h i s  r e p o r t  a l l  estimates of sampl ing  errors are based 
on a p s e u d o - r e p l i c a t i o n  t e c h n i q u e ,  j a c k k n i f e  r e p e a t e d  r e p l i c a t i o n .  
The t e c h n i q u e  is d e s c r i b e d  by Kish  and Frankel  (1974). F o r  t h e  
s t u d i e s  i n  t h i s  r e p o r t  each  s t u d y  is assumed t o  be independen t ly  
selected. E s t i m a t e s  of t h e  sampl ing  v a r i a n c e  a r e  t h u s  based on 
t h e  e x t e n t  t o  which estimates of a pa rame te r  v a r y  when whole s t u d y  
areas are exc luded  from t h e  sample.  

None of  t h e  p r e v i o u s  s t u d i e s  have c a l c u l a t e d  s t a n d a r d  errors 
of e s t i m a t e s  f o r  e s t i m a t e d  time-of-day we igh t s .  The r e p o r t  on 
t h e  A u s t r a l i a n  s t u d y  d i d  however i d e n t i f y  t h e  d i f f i c u l t i e s  which 
o c c u r  when t h e  n o i s e  l e v e l s  i n  d i f f e r e n t  t i m e  p e r i o d s  are h i g l y  
correlated ( B u l l e n  and Hede 1983). The a n a l y s i s  t e c h n i q u e s  which 
were used  do n o t ,  however, p r o v i d e  estimates of  t h e  s i g n i f i c a n c e  
of  t h e  d i f f e r e n c e s  between d i f f e r e n t  we igh t ings .  The  t e x t  of t h a t  
a r t i c l e  r e f e r s  t o  t h e  s i g n i f i c a n c e  of  d i f f e r e n c e s  between i n d i c e s  
which have d i f f e r e n t  dayt ime and n i g h t t i m e  w e i g h t i n g s .  However, 
t h e  appendix  t o  t h e  a r t i c l e  i n d i c a t e s  t h a t  t h e  o n l y  tes ts  were 
f o r  t h e  s i g n i f i c a n c e  of t h e  p a r t i a l  r e g r e s s i o n  c o e f f i c i e n t s  ( i e .  
whether  t h e  p a r t i a l  r e g r e s s i o n  c o e f f i c i e n t  is s i g n i f i c a n t l y  d i f -  
f e r e n t  f r o m  z e r o ) .  Thus t h e r e  is n o t  a d i rec t  comparison of d i f -  
f e r e n c e s  between t h e  p r e d i c t i v e  powers o f  d i f f e r e n t  i n d i c e s .  

The A u s t r a l i a n  a n a l y s i s  a l so  is based on s i m p l e  random sampl- 
i n g  assumpt ions .  The a n a l y s e s  r e p o r t e d  i n  t h e  f i r s t  pa rag raph  of 
t h i s  appendix  i n d i c a t e  however t h a t  s i m p l e  random sampl ing  assump- 
t i o n s  are  n o t  j u s t i f i e d  because  r e s p o n s e s  and t h e  r e s i d u a l s  of  
annoyance r e s p o n s e s  are found t o  c l u s t e r  by sampl ing  areas (e.g.  
a i r p o r t s  or s t u d y  areas) .  The p a r t  o f  t h e  A u s t r a l i a n  r e p o r t  which 
c a l c u l a t e s  sampl ing  errors on s i m p l e  random sampl ing  assumpt ions  
t h u s  p r o v i d e s  u n r e a l i s t i c a l l y  p r e c i s e  estimates of  t h e  sampl ing  
errors. The  t r u e  sampl ing  errors are l i k e l y  t o  be v e r y  h i g h  
because ,  as t h e  a u t h o r s  o f  t h e  r e p o r t  s t a t e ,  t h e  e f f e c t s  of  a i r -  
p o r t s  are confounded w i t h  t h e  e f f e c t s  of  n o i s e  l e v e l :  

I8 . . . i n  c o n t r o l l i n g  f o r  a i r p o r t ,  one would a l so  be 
' c o n t r o l l i n g  o u t '  m o s t  o f  t h e  v a r i a t i o n  i n  time-of-day 
exposure ,  so  t h a t  t h e  a n a l y s i s  would become e x t r e m e l y  
i n s e n s i t i v e . "  (Bu l l en  and Hede, 1983: p. 1627) 
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In o t h e r  words, when t h e  p o s s i b i l i t y  of area effects a r e  cons idered 
t h e  estimates of time-of-day effects become q u i t e  inaccurate ,  j u s t  
as  has been reported i n  t h e  body of t h e  p r e s e n t  r e p o r t .  
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APPENDIX D: 

INTERVAL ESTIMATES O F  THE PARAMETERS OF THE ADJUSTED ENERGY MODEL 

The "Adjus ted  Energy Summation Model" is based on t h e  follow- 
i n g  model f o r  t h e  r e l a t i o n s h i p  between annoyance, as a dependent  
v a r i a b l e ,  and dayt ime and n i g h t t i m e  n o i s e  l e v e l s  as p r e d i c t o r  
v a r i a b l e s :  

where,  Bo is t h e  i n t e r c e p t ,  61 is  t h e  s l o p e  f o r  t h e  e q u a t i o n - r e -  
l a t i n g  annoyance t o  t h e  weighted  n o i s e  l e v e l ,  and E is a random d i s -  
t u r b a n c e  t e r m .  The p a r a m e t e r s  Bd and Bn r e f l e c t  t h e  r e l a t i v e  
impor tance  of t h e  dayt ime and n i g h t t i m e  components of t h e  o v e r a l l  
n o i s e  exposure .  

The model can be r e -pa rame te r i zed  i n  t e r m s  of t h e  r a t i o  of t h e  
two n o i s e  c o e f f i c i e n t s ,  wn, s o m e t i m e s  r e f e r r e d  t o  a s  t h e  n i g h t t i m e  
w e i g h t i n g  : 

i n  such  a way as t o  m a k e  t h e  p a r a m e t e r s  unique.  T h i s  is ach ieved  
by d . iv id ing  both Bn and Bd by t h e  c o n s t a n t ,  Rd. T h i s  r e s u l t s  
i n  t h e  f o l l o w i n g  e x p r e s s i o n  f o r  t h e  model: 

( 3 )  A= Bo + 
+ wn C loglo'1(Leqn/10))/241 + E ,  

where t h e  i n t e r c e p t ,  B o  h a s  a l so  been r e -de f ined  a p p r o p r i a t e l y .  

s q u a r e s  estimates of t h e  p a r a m e t e r s  of t h i s  model can be a c h i e v e d  
v i a  i t e r a t i v e  a l g o r i t h m s .  See, fo r  example,  Neter, Wasserman and 
Kutner  (1984: Chapter  1 4 ) .  

Model ( 3 )  is n o n - l i n e a r  m u l t i p l e  r e g r e s s i o n  model. Least 

E s t i m a t e s  of model p a r a m e t e r s  o b t a i n e d  u s i n g  t h e  i t e r a t i v e  
t e c h n i q u e s  d e s c r i b e d  by Neter, e t . a l .  have a s y m p t o t i c a l l y  normal 
sampl ing  d i s t r i b u t i o n s .  T h i s  allows f o r  t h e  fo rma t ion  of i n t e r v a l  
estimates u s i n g  normal t h e o r y  and j a c k k n i f e  estimates of s t a n d a r d  
errors. However, t h e s e  i n t e r v a l s  are v a l i d  a s y m p t o t i c a l l y  as  t h e  
sample s i z e  g e t s  l a r g e .  S i n c e  one n e v e r  h a s  an i n f i n i t e  sample,  
i t  is n e c e s s a r y  t o  check t h e  v a l i d i t y  of t h e  normal approximat ion  
f o r  t h e  sampl ing  d i s t r i b u t i o n  i n  t h e  f i n i t e  case. T o  t h i s  end,  
a s m a l l  s i m u l a t i o n  s t u d y  w a s  conducted.  

F i r s t ,  200 o b s e r v a t i o n s  were g e n e r a t e d  f o r  a s e t  of  t w o  pred-  
ic tor  v a r i a b l e s ,  referred t o  h e r e  as  DAY and N I G H T .  These  were 
g e n e r a t e d  u s i n g  t h e  random number g e n e r a t o r  w i t h i n  t h e  TRAN para-  
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graph  o f  BMDP. The goal was t o  m i m i c ,  as much a s  p o s s i b l e ,  t h e  
d i s t r i b u t i o n  o f  t h e  Leq/lO scores i n  e x i s t i n g  s t u d i e s .  The r e s u l t -  
i n g  d i s t r i b u t i o n  o f  t h e s e  t w o  v a r i a b l e s  w a s  app rox ima te ly  b i v a r i a t e  
normal ,  w i t h  means 5.70 and 5.28 and s t a n d a r d  d e v i a t i o n s  0.92 and 
1.17 f o r  DAY and NIGHT, r e s p e c t i v e l y .  The c o r r e l a t i o n  between 
t h e s e  scores w a s  -0.096. To m i m i c  t h e  model g iven  i n  e q u a t i o n  ( 1 1 ,  
dependent  v a r i a b l e s ,  A i  were g e n e r a t e d  u s i n g  t h e  f o l l o w i n g  model: 

( 4 )  

Bo = -2.7, $, = 0.67, 8, = 2.33, and ci - N o r m a l  (0,'~ = 1 .75) .  

Note t h a t  t h e  s i m u l a t i o n  model d e s c r i b e d  i n  e q u a t i o n  ( 4 )  is 
o f  t h e  same f o r m  a s  t h a t  d e s c r i b e d  i n  e q u a t i o n  ( 2 1 ,  w i t h  independ- 
e n t  v a r i a b l e s ,  NIGHT and DAY d e f i n e d  i n  t h e  o b v i o u s  manner. Twenty 
independen t  o b s e r v a t i o n s  o f  t h e  dependent  v a r i a b l e  A i  were g e n e r a t e d  
f o r  e a c h  of  t h e  200 p a i r s  of  i ndependen t  v a r i a b l e s  d e s c r i b e d  above. 
Thus,  t h e r e  were 20 independent  r e p l i c a t i o n s  o f  model ( 4 )  based  on 
t h e  same j o i n t  d i s t r i b u t i o n  o f  i ndependen t  v a r i a b l e s .  

Each of  t h e  20 independen t  r e p l i c a t i o n s  were a n a l y z e d  u s i n g  
t h e  n o n l i n e a r  r e g r e s s i o n  p rocedure  i n  BMDP, program 'P3R' (Dixon , 
1983) .  The r e s u l t s  are p r e s e n t e d  i n  t h e  t a b l e  below: 

TABLE O F  ESTIMATES 

Rep. no.  

1 
2 
3 
4 
5 
6 
7 
8 
9 
1 0  
11 
1 2  
1 3  
1 4  
15 
16  
1 7  
18  
19  
20 

A Wn 

1.758 
4.338 
0.483 
1.303 
7.187 
0.423 
0.845 
2.419 
3.131 

23.435 
2 . 565 
1.986 
4 . 865 
2.930 
6.896 
1.468 
3.359 
4 . 009 
2.569 
8.729 

A 
Pn 

0.637 
0.813 
0.326 
0.566 
0.878 
0.297 
0.458 
0.708 
0.758 
0.959 
0.719 
0.665 
0.829 
0.746 
0.873 
0.595 
0.771 
0.800 
0.720 
0 . 897 

Mean 3.998 0.690 
S t d  . Dev. 5.077 0.178 

The column l a b e l l e d  '& r e p r e s e n t e s  t h e  estimates o f  t h e  n i g h t -  
t i m e  w e i g h t ,  w produced by t h e  n o n - l i n e a r  BMDP program. Notice 
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t h a t  t h e  d i s t r i b u t i o n  is q u i t e  skewed t o  t h e  r i g h t  and is n o t  a t  
a l l  normal .  F o r  t h i s  r e a s o n ,  t h e  s t a n d a r d  d e v i a t i o n  of  t h e  20 
r e p l i c a t e  estimates is q u i t e  l a r g e .  Obvious ly ,  sample s i z e s  of  
200 are n o t  s u f f i c i e n t l y  l a r g e  t o  y i e l d  a normal sampl ing  d i s t r i b u -  
t i o n  i n  t h i s  case. 

The column l a b e l l e d  fin c o n t a i n s  a t r ans fo rmed  v e r s i o n  of t h e  
pa rame te r  estimates. T h i s  is t h e  p a r t i a l  r e g r e s s i o n  c o e f f i c i e n t  
f o r  n i g h t t i m e  n o i s e  ( q n )  which is d i r e c t l y  e s t i m a t e d  i n  t h e  
r e g r e s s i o n  a n a l y s e s  i n  t h i s  r e p o r t .  Notice t h a t  t h e  d i s t r i b u t i o n  
of  t h e s e  estimates is much more n e a r l y  normal.  Fo r  t h a t  r e a s o n ,  
one can form s y m e t r i c  c o n f i d e n c e  i n t e r v a l s  u s i n g  t h e s e  t r ans fo rmed  
estimates. F o r  example,  an approximate 95% c o n f i d e n c e  i n t e r v a l  f o r  
t h e  t r a n s f o r m e d  pa rame te r ,  f3n cou ld  be o b t a i n e d  by u s u a l  normal 
t h e o r y  as:  

0.690 - + 2 X Oe178/f i0 = 0.690 - + 0.080 = (0.610,0.770) 

T h i s  i n t e r v a l  can be t h e  t ranformed back t o  t h e  scale of  t h e  
pa rame te r  Wn by i n v e r t i n g  t h e  t r a n s f o r m a t i o n :  Wn = & / ( l - B n ) ,  
y i e l d i n g  t h e  f o l l o w i n g  approximate  95% c o n f i d e n c e  i n t e r v a l  : 

(0.610/0.390,0.770/0.230) = (1.56,3.35) 

N o t i c e  t h a t  t h i s  i n t e r v a l  c o n t a i n s  t h e  known, t r u e  v a l u e  f o r  Wn,2.33. 

I n  c o n c l u s i o n ,  it is  recommended t h a t  j a c k k n i f e  estimates of 
v a r i a n c e  be based  on t h e  t r ans fo rmed  pa rame te r  estimates,  fine 
Normal t h e o r y  c o n f i d e n c e  i n t e r v a l s  shou ld  be formed f o r  t h e  t r a n s -  
formed pa rame te r .  F i n a l l y ,  con f idence  i n t e r v a l s  f o r  t h e  o r i g i n a l  
pa rame te r ,  wn, s h o u l d  then be o b t a i n e d  by i n v e r t i n g  t h e  t ransforma-  
t i o n  f o r  t h e  l i m i t s  of these conf idence  i n t e r v a l s  as  o u t l i n e d  above. 

-42- 



REFERENCES 

B e n n e t t ,  R . L , ;  and Pearsons, K.S.: 
NASA CR-3406, March 1931,- 

1981, Handbook o f  Aircraf t  Noise Metrics, 

B o r s k y ,  P.N.: 1 9 7 6 ,  S l e e p  I n t e r f e r e n c e  and Annoyance by A i r c r a f t  
Noise. Sound V i b . ,  v o l .  1 0 ,  no. 2 ,  pp. 18-21.  

B r a d l e y ,  J . S .  and J o n a h ,  B.A.: 1 9 7 9 ,  The E f t e c t s  ot S i t e  S e l e c t e d  
V a r i a b l e s  on  Human R e s p o n s e s  t o  T r a f f i c  Noise, P a r t  I. J. Sound 
Vib . ,  v o l .  6 6 ,  no. 4 ,  pp. 589-604. 

B u l l e n ,  R.B.;  and  Hede,  A . J . :  1983 ,  Time of  Day Corrections i n  
Measures o f  A i r c r a f t  Noise Exposure.  J .  A c o u s t .  SOC. Am., v o l .  
7 3 ,  no .  5 ,  pp.  1624-1630. 

C o n n o r ,  W.K.;  and  P a t t e r s o n ,  H.P.: 1 9 7 2 ,  Community R e a c t i o n  t o  
A i r c r a f t  Noise Around S m a l l e r  C i t y  A i r p o r t s .  NASA CR-2104. 

Dixon,  W . J . :  1983 ,  BMDP S t a t i s t i c a l  S o f t w a r e :  1983 P r i n t i n g  
w i t h  A d d i t i o n s ,  U n i v e r s i t y  of: C a l i f o r n i a  P r e s s ,  B e r k e l e y .  

F i d e l l ,  S .  a n d  J o n e s ,  G.: 1975 ,  E f f e c t s  of C e s s a t i o n  o f  Late- 
n i g h t  F l i g h t s  on  a n  A i r p o r t  community.  J .  sound V i b . ,  v o l .  4 2 ,  
no.  4 ,  pp. 441-427. 

F i e l d s ,  J . M . :  1981 ,  A C a t a l o g  of S o c i a l  S u r v e y s  of  R e s i d e n t s '  
Keactions t o  E n v i r o n m e n t a l  Noise ( 1 9 4 3 - 1 9 8 0 ) ,  NASA TM-83187, 
Augus t ,  1981.  

F i e l d s ,  J . M . :  1 9 8 3 ,  V a r i a b i l i t y  i n  I n d i v i d u a l s '  R e s p o n s e s  t o  
Noise: Community D i f f e r e n c e s .  P r o c e e d i n g s  o f  I n t e r - n o i s e  8 3 ' ,  
pp. 965-968. 

F i e l d s ,  J . M . :  1984 ,  The  E f f e c t  o f  Number of  Noise E v e n t s  on  
P e o p l e ' s  R e a c t i o n s  t o  Noise: An  A n a l y s i s  o f  E x i s t i n y  S u r v e y  
Data. J.  Acous t .  SOC. A m . ,  v o l .  7 5 ,  no.  2 ,  pp. 447-467. 

F i e l d s ,  J . M . :  1 9 8 5 a ,  R e s e a r c h  on  t h e  E f f e c t  o f  Noise a t  D i t t e r e n t  
Times  of Day: Models ,  Methods ,  a n d  F i n d i n g s .  NASA CK-3888, 
A p r i l  1985.  

F i e l d s ,  J . M . :  198533, Data on Noise Env i ronmen t s  a t  D i t f e r e n t  
Times of Day Around A i r p o r t s .  NASA CR-172612. 

F i e l d s ,  J . M .  a n d  W a l k e r ,  J . G . :  1 9 8 2 ,  The  Response  t o  Ra i lway  
Noise i n  R e s i d e n t i a l  A r e a s  i n  Great B r i t a i n .  J. Sound V i b . ,  v o l .  
8 5 ,  no ,  2 ,  pp. 177-255. 

G r a f ,  P , ;  M u e l l e r ,  R. and Meier, H.P. :  S o z i o - p s y c h o l o g i s c h e  
F l u y l a r m u n t e r s u c h u n g  i m  G e b i e t  d e r  d r e i  S c h w e i z e r  F l u g h a t e n ,  
Z u r i c h ,  Genf ,  B a s e l .  A r b e i t s g e m e i n s c h a f t  f u r  S o z i o - p s y c h o l o y i s c h e  
F l u y l a r m u n t e r s u c h e n g e n ,  Be rn ,  May, 1974.  T r a n s l a t i o n  a v a i l a b l e  
as:  S o c i o p s y c h o l o g i c a l  A i r p l a n e  Noise I n v e s t i g a t i o n  i n  t h e  
Dis t r ic t s  o f  T h r e e  S w i s s  A i r p o r t s :  Z u r i c h ,  Geneva, and  Basel. 
NASA TM-75787, Seyt. ,  1980 .  

-43- 



H a l l  F.L.; B i r n i e ,  S.E.; T a y l o r ,  S.M.; and P a l m e r ,  J .C . :  1 9 8 1 ,  
Direct Comparison of: Community Response  t o  Road T r a f f i c  Noise and 
t o  A i r c r a f t  Noise, J. Acoust. SOC, Am.,  v o l .  7 0 ,  no. 6 #  pp. 1690- 
1698 .  

H a l l ,  F.L.; and T a y l o r ,  S.M.: 1977 ,  P r e d i c t i n g  Community R e s p o n s e s  
t o  Road T r a f f i c  Noise. J. Sound V i b , ,  v o l .  5 2 ,  no.  3 ,  pp .  387-399. 

H u l l ,  C.H. a n d  N i e ,  N.H. :  1 9 8 1 ,  SPSS Upda te  7-9: New P r o c e d u r e s  
and F a c i l i t i e s  f o r  Releases 7 -9 ,  M c G r a w  H i l l ,  N e w  York. 

K i s h ,  L ,  a n d  F r a n k e l ,  M.: 1 9 7 4 ,  I n f e r e n c e  f rom Complex Samples .  
J .K .  S t a t i s t .  SOC.,  v o l e  3 6 ,  no.  1, pp. 1-37. 

Lamber t ,  J.;  S i m o n n e t ,  P .  a n d  V a l l e t ,  M.:  1 9 8 4 ,  P a t t e r n s  o f  
B e h a v i o r  i n  D w e l l i n g s  Exposed t o  Road T r a f f i c  Noise. J. Sound 
V i b . ,  v o l .  9 2 ,  no.  2 ,  p p .  159-172. 

Lanydon,  F.J. and  B u l l e r ,  I.B.: 1 9 7 7 ,  R o a d  T r a t L i c  Noise a n d  
D i s t u r b a n c e  t o  S l e e p ,  J .  Sound V i b . ,  v o l .  5 0 ,  no. 1, pp .  13-28. 

Morton-Wil l iams,  J . ;  Hedges ,  6.; and  F e r n a n d o ,  E.:  1978 ,  Road 
T r a f f i c  and t h e  Envi ronment ,  S o c i a l  and Community P l a n n i n g  
R e s e a r c h ,  London. 

Nemecek, J . ;  W e h r l i ,  8. a n d  T u r r i a n ,  V: 1 9 8 1 ,  E f f e c t s  of  t h e  
Noise o f  S t r e e t  T r a f t i c  i n  S w i t z e r l a n d ,  a Rev iew ok Pour  S u r v e y s .  
J. Sound V i b . ,  v o l .  7 8 ,  p p .  223-234. 

Neter, J , ;  Wasserman, W . ;  a n d  K u t n e r ,  M.: 1985 ,  A p p l i e d  L i n e a r  
S t a t i s t i c a l  Models ( S e c o n d  E d i t i o n ) .  I r w i n ,  Homewood, I l l i n o i s .  

O l l e r h e a d ,  J . B . :  1 9 7 8 ,  V a r i a t i o n  of Community Response t o  A i r -  
c r a f t  Noise w i t h  Time of  Day. Noise C o n t r o l  E n g i n e e r i n g ,  v o l .  
11, no. 2 ,  pp .  68-78. 

O l l e r h e a d ,  J . B . ;  and  C o u s i n s ,  J . M . :  1 9 7 5 ,  A S u r v e y  o f  R e a c t i o n s  
t o  A i r c r a f t  Noise Around London ( G a t w i c k )  A i r p o r t .  TT/NG/SCC/2, 
Loughborouyh C o n s u l t a n t s  L t d . ,  Louyhborough,  Eng land ,  D e c . ,  1975 .  

Second S u r v e y  o f  A i r c r a f t  Noise Annoyance Around London ( H e a t h r o w )  
A i r p o r t ,  1971.  H e r  M a j e s t y ' s  S t a t i o n e r y  O f k i c e ,  London.  

V a l l e t ,  M.; Maurin,  M.;  P a g e ,  M.A.; F a v r e ,  B.; and P a c h i a u d i ,  G.:  
1978 ,  Annoyance f r o m  and H a b i t u a t i o n  t o  Road T r a t L i c  Noise t r o m  
Urban Expressways. J. Sound V i b . ,  v o l .  60 ,  no.  3 ,  pp. 423-440. 

Wanner,  H.U.; W e h r l i ,  €3. Bakke ,  P;  Nemecek, J.; T u r r i a n ,  V.;  and 
Grand jean ,  E. :  1 9 7 7 ,  E f f e c t s  of  Road T r a f t i c  Noise on R e s i d e n t s .  
I n t e r n o i s e  7 7 ,  pp. B698-B702. 

W i l s o n ,  A.: 1 9 6 3 ,  Noise: F i n a l  Report. Cmnd. 2056 ,  H e r  M a j e s t y ' s  
S t a t i o n e r y  O f f i c e ,  London. 

-44- 



TABLE I: DESCRIPTION OF TEN SURVEYS 

Study t i t le  
(Main reference) 

Number of B f  i n i t i o n  
interviews of tim period 

1 I (e=eveni& ,n=night) 
PART A: AIRCRAFT SUFWEYS 
USA nine airport I I 

(Second.. .1971) 

PART B: ROAD TRAFFIC 
England t r a f f i c  

( Morton-Willians, 
e t  al., 1978) 

London t r a f f i c  
(Largdon and 

( H a l l ,  e t  al., 

( H a l l ,  e t  al.,  

Buller , 1977 ) 
1975 South Ontario 

1977 ) 
1976 Scuth Ontario 

1977 ) 
1978 Ontario 

( H a l l ,  et al., 

Wstern  Ontario 
(Bradley a d  
Jonah, 1979) 

E'rench expressway 
( V a l  let , 
et al., 1978) 

1981) 

PARTC: R A I r n Y S U R V E Y  

( Connor and I 8225 I n=22:00-07 :00 

3755a n=23 :OO-07 :00 

SURVEYS 

1195 n=22:30-07 :3od 

29 03 n=22 :OO-06 :OOe 

e=19 :OO-23 :00 
560 n=23 :OO-07 :00 

e=19 :U0-23 :00 
8 50 n=23 :OO-07 :OO 

e=19 :OO-22:OO 
912 n=22:00-O7 :00 

l l O O f  n=22:0O-07 :00 

e=20:00-24:00 
97 5 n=24:00-08:00 

Patterson, 1976)l I 
1967 Heathrow I e=19 :OO-23 :OOD 

N N I ~ ~ ~  masuremnts  a t  
H e a t h r o w  

noise leve ls  

LllO 

Pkasurements 
CNR I and 

Pkasurements 
and interpolation 

I interpolation 
I We1 based on 

LEQ 

LEQ 

LQ 

Measurements 

Measuremnt s 

Measurements 

Br i t i sh  railway 
(Fields and 
Walker, 1982 

L ~ O  1 Measurements 

e=19 :OO-21: 00 
1453 n=21:00-07 :00 

L i  1 Measuremnts 

Lm 1 Measurements 

Although 4655 interviews are present i n  the da ta  set, only 3755 have noise.data fo r  
both daytime and nighttime. 
ot the  f l i g h t s  during a t  least one period w a s  less than the  conventional def in i t ion  
of an a i r c r a f t  noise event f o r  N N I  (80 PNdB). 

The def in i t ion  of the  end of t he  evening period is not reported i n  the  study 
publications. 
beginning of the n i g h t t i m  priod tor f l i g h t  regulations. 

N N I l u  is equivalent to the  conventional Br i t i sh  N N I  index except that the  weighting 
for the  rnunber of noise events is 10 rather than 15. 

Daytim noise leve ls  are based on measuremnts over the 06:OO to  24:OO period. 

Daytime noise levels  are based on measurements over the  08:OO to 20:OO period. 

One hWred  interviews from the or ig ina l  data set are exclded wnich were obtained 
on repeated v i s i t s  to two sites. 

For the remaining interviews, the average peak l eve l  

It is assumed to  be 23:OO i n  accord with the  def in i t ion  of the  
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TABLE 11: DESCRIPTION OF TIME-PERIOD NOISE W A  FOR 10 STUDIES 

divisim of 24 hrs. 
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TABLE 111: ESTIMATES OF NIGHTTIME WEIGHTING FROM REGRESSIONS ON O V E N L  ANNOYANCE 

Western CXltario 
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Footnotes for table I11 

P<. 05 

Annoyance scales are reproduced in appendix A. 

The definitions of the partial regression coefficients and the method for estimating 
them is given in the text in the section on "Estimates of Parameters in the Adjusted 
Energy Model". The method for calculating all standard errors and confidence inter- 
vals which takes into account the clustered sample design is discussed in that sec- 
tion and in Appendix C. 

As discussed in the text the partial regression coefficients for the nighttime and 
daytime noise (expressed in relative pressure squared units) are set to sum to 1.0. 

The symbol "b" indicates that the value of the nighttime regression coeffic- 
ient is greater than 1.00 and thus that the daytime noise levels would be esti- 
mated to have a negative coefficient (ie. increasing the daytime noise decreases 
annoyance). 
the two variables is infinitely greater for the nighttime noise. 

This suggests that the relative increase in annoyance associated with 

This estimate for the nighttime partial regression coefficient does not converge 
even after 50 iterations. 
negative number. 
wn= - 1.0. 
noise variables. 

The value of Bn continues to become a larger and larger 

The lack of convergence may be due to the high correlation between the 
This means that the value of the weight (Wn) approaches 

The "<" symbol indicates that the lower confidence interval is almost certainly 
less than 7.6. The value of the standard error in this case could only be calcu- 
lated on the basis of 8 of the ten jackknife pseduo-replicates. The other two 
replicates did not provide estimates of wn. 
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TABLE IV: ESTIMATES OF NIGHTTIME AND EVENING WEIGHTINGS FROM REGRESSIONS 
ON TOTAL ANNOYANCEa 

1967 
Heathrowd Verbal 

(4) 

Study 

~ 

233.24 325.28 92.04 d -1.4 +m d 0.4 +m 

Annoyance 
scalea 
(number 
of scale 
points) 

1975 South 
Ontario Verbal 0.13 1.08 -0.21 -0.5 8.1 

( 4 )  .67 (0.60) (0.41) 

Ontario Verbal -0.02 0.42 0.59 -10.3 +- 
(5 1 (0.3) (0.39) (0.38) 

Numeric -0.03 0.34 0.69 -94.3 +- 
(11) (0.2) (0.78) (0.76) 

1976 South 

1978 Ontario Verbal 0.41 0.18 0.41 -0.3 0.4 

Partial regression Confidence intervals and weights: 

limit 

+- -0.3 -1.6 +m 

+oo -5.6 +- +a, 

+a -68.0 +m +m 

+a -0.5 1.0 +a 

c The 95% confidence.interva1 is set using the Bonferonni inequality. It is conservatively 
assumed that the standard errors of the partial regression coefficients are independent. 
Using this technique the p = a confidence interval for a ratio is set by finding the p= a / 4  
confidence interval for each of the terms in the ratio. 
ratio is set by the two most extreme ratios of fhe two terms. 

The estimates for the partial regression coefficients do not converge even after 50 intera- 
tions . 
iteration. 
approaches Wn=l. 

The p= a confidence interval for the 

d 
The values of all coefficients become larger positive or negative numbers with each 

Thus, the value for the evening weight approaches we=-1 and for the night weight 
No attempt is made to describe a lower confidence interval. 
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TABLE V: SUMMARIES OF NIGHTTIME WEIGHTS USING SIX METHODS TO (XIMBINE THE 
ESTIMATES EKM 9 STUDIESa 

Problems w i t h  
the  method of 

I I I central  tendency 
I Three studies  

Equal importance 

Equal importance 

Equal importance 

biased by estimates 
of or q, (2) 
highly inaccurate. 

a Each of the f i f t een  estimates in  tab le  I11 is t rea ted  as a separate estimate. 
the central  conclusicns about the va r i ab i l i t y  in the estimates is not  affected 
if a s ingle  estimate is taken from each study. 

b The means f o r  the last  four e n t r i e s  are computed frm an average of the p a r t i a l  
regresSi.cn coef f ic ien ts  which are then transformed i n t o  the nighttime weight. 
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TABLE V I :  PROPORTION OF THE VARIANCE I N  ANNOYANCE SCORES EXPLAINED BY 
ALTERNATIVE TIME-OF-DAY RESPONSE MODELS 

USA nine N u m e r i c  0.212 0.212 0.212 N o  0 209 
airport [9.21 evening data [le71 
1967 V e r b a l  -163 ,168 168 -& .163 
H e a t  h r o w  136.31 L4.61 

0.212 

169 
10-51 

[0*61 
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C o n s i d e r -  
ably 

N u m e r i c  

.lo6 .lo3 e 107 -107 .lo6 .170 

.269 .249 e270 .271 e270 -270 
[1*81 [ 1 .l, 1.81 [0*31 [0.11 

[Om11 [0.5,0.0] [0.01 1-0.21 



TABLE VI: (aXITINUED) 

Study Annoyance Squared mul t  
question 

Western 
0-1 tario 

French 
expressway 

I I  
N u m e r i c  .173 .176 

Verba l  .068 .081 

very .055 .066 
I I I 

PART C: RAILWAY SUIZNEY 
Br i t i sh  Verba l  
railway 

very 

Numeric 

Index 

- 
.lo3 

-032 

.144 

,179 

- 

0 100 

.031 

.143 

.178 

mined weight I period I decibel 
for: difference 
Night Evening [AWPn=] [-Ansb=] effect 

a Models are defined by equaticns in the text. 

b N o  estimate obtained from nm-linear programs. 

.lo3 

0032 

.145 

.178 

r0.21 

L0.21 

i0.41 

L'0-31 

103 

.032 

.145 

.179 

r0.01 

r0.11 

[0.21 

r0.11 

c The high annoyance measures corne from dichotmizing the verbal annoyance scale 
a t  the most extreme of four of f ive  catagories ("very" or "considerably") . 
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TABLE VII: NIGHTTIME WEIGHTING (k) FOR EIGHT W E S  OF 
ANNOYANCE QUESTIONNAIRE ITEMS 

Study 

N o  t 

Numeric 
_1 
PART A: AIRCRAFT SURVE 
USA nine 1 9.2 
airports I 
1976 Heathrow I 
PAKC B: ROAD TRAFFIC S 
England I 0.6 
t r a f f i c  I 
1975 South 

ence Index tine 
V e r b a l  Very/ (Num- 

C a s  iderabl y eric), 

expressway I 
PART c: RAILWAY SURVEY 
Bri t i sh  2.6 0.9 0.2 2.2 -0.5 
railway I I 
a h o y a n c e  scales are reproduced in appendix A. 

b The speech and s leep  interference questicns are all dichotomized according to  
whether or not  the interference is reported. 
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TABLE VIII: SUMMARY OF INFORMATION ABOUT TIME OF I X Y  WHEN MOST ANNOYED 
(18 SURVEYS I N  FIGURES 1 TO 6) 

X 

study 
(Catalog ID 
Number a)  

not  
asked 

X 

STUDIES FTOP 
1961 

Heathraw 

2 

8 

8 

(UKD.008 
1967 

No Night is when "trying t o  sleep" 

YES Asks about weekdays 

YES Excludes "not bothered" 

Heathrow 
( WD-024 ) 
1972 

Heathrow 
(UKD.061) 
1971 

Gatwick 
(UKD-052 1 
STUDIES E T 0  
1973 Los  
Angeles 
airport 
n i u h t t h  
(USA-082 ) 
1970 USA 
t w o  small 
airport 
(USA-044 ) 
1980 
Aus t ra l i a  
f i v e  airpori 
(AUS-210 ) 
1972 JFK 
airport 

Ca tario 
(CAN-120 1 
1976 South 
Ca t a r i o  
(CAN-121 1 
1978 Ontaric 
(CAN-168 
1974 USA 24- 
C- i t y  
(USA-102 

Tim when m o s t  
annoyed by the  
noise  occurs 
in the:b 

by  I Even- 1 Night 
ling I 

PIGURE 1: ENGLI 

I I "  

Number Are the 
of t i m e  periods 
periods defined 
used in hrs?c 

C-t 

I 1 
AIRCRAFT SURVEYS 

Night is when "trying to sleep" I *  I 

I I 

3 I Includes cnly those hame during 
1 1 all periods 

I I 
W AND UNITED STATES ROAD TRAFFIC NOISE 

54% 'bever bothered" I *  I 
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TABLE V I I I :  (COWTINLED) 

Study 
(Catalog I D  
Number a) 

Time when mst NLnnber Are the W n t  
annoyed by the  of t h e  periods 
noise occurs periods defined 
i n  the:b U s e d  i n  hrsF 

This ident i t ica t ion  number is the number used i n  a cataloy of 200 noise surveys 
(Fields,  1981) ard is the key to the f u l l  t i t le  for the  survey presented i n  
appendix C. 

1971 5 W i s s  
3 airport X 
( SWI-053) 
1976 Zurich X 
SWI-133 ) 6-9m 
1977 Zurich X 
( SWI-158) 
1978 Zurich X 
The-of -day 6 -9a  
( SWI-173) 

An equals sign 'I='' indicates that the two periods w e r e  ranked equally. 
asked" indicates t h a t  only the d a y t k  and nighttime periods ( not evening period) 
were asked about. 

" N o t  

6 YES May choose several  periods 

4 YES Excludes not bothered 

4 YES Excludes not bothered 

6 YES 

Stdies which do not have the periods defined i n  hours generally ask about 
"mrning, evening, night", but provide no spec i f ic  bouda r i e s  fo r  these periods. 

1979 
New York X 24 
(xxx-220) 
(Eriod 
ra t ing)  

(period 
ranking) X 12 
( D i s t r i h t e  
mney- X 3 

3 periods) 
(Distr ibute  
money- X not 2 

2 periods) asked 
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YES 

YES 

YES 
~ ~~~ ~~ 

YES 

STUDY FRMVI 
1975 B r i t i s h  

(-116) 
railway 

F::GURE 6: BRITISH R A I m Y  SURVEY 

X 4 !ZES 



TABLE IX: ESTIMATES OF TIME-OF-QAY WEIGHTS (b) FROM ANALYSES OF MEASURES 
OF ANNOYANCE I N  TIME PERIODS 

Only man l eve l  
(period length 

ignored) 

[$I e [ZI n 

Study a 
( Reference , 
i f  not  in 
tab le  I) 

Sum of a l l  period 
exposures (no. of 
hours ccnsidered) a 

[$I e n 
[Z 1 

1978 Ontario 

1978 Zuricha 
( Wehrl i 
et al. , 1978: 
1979 Frencha 
(Lamber t  
e t  al..) 

1978 Ontario 

Br i t i sh  
railway 

Noise 
Source 

3 REsmIi 
l i rc raf  t 

ioad 
t r a f f i c  

ioad 
t r a f f i c  

Zoad 
t r a f f i c  

?DENT R1! 
4ircraf t 

Road 
t r a f f i c  

b i lway 

I I I 

E ANALYSES 
32 40 95 60 

[15 dI31 116 dB1 dB1 [18 dB1 

Annoyance scales are reproduced in appendix A. 

A dash indicates  t h a t  information w a s  not  avai lable  f o r  the evening period. 

On the basis of the avai lable  documentation the period length defined for 
respcndents in  each survey is as fo l lms :  
I+, = 8; 1978 Ontario, t d  = 12, te = 3, I+, = 9; 1978 Zurich, t d =  16, 
1979 French, t d  = 14,  

For t he  1978 Zurich and 1979 French surveys individual data were not  avai lable  
f o r  the  analysis. 

1967 Heathrow, t d  = 12, te = 4 ,  
= 8; 

= 10. 
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HOUR OF DAY 
0 4 8 12  16 2 0  2 4  
I t  1 I 1 1  1 1  I I I I I I I I l l t l l l l l l  

noise  i n  e a c h  - - 

RESPONSE SCALE 

( a )  1 9 6 1  Heathrow A i r c r a f t  Noise Survey  
100 

Pe r i od when 
a i r c r a f t  b o t h e r  
most 

Always sarne-os 
0800 1200 1800 2 3 0 0  

( b )  1967 Heathrow A i r c r a f t  Noise Surveyb 

V e r y  much 7 
Mean r a t i n g  bothered 
of a i r c r a f t  A 

( c )  1 9 7 2  Heathrow A i r c r a f t  Noise SurveyC 
100% 

P e r i o d  when 
a i  rc ra f t n o i s e  
is m o s t  5 0 %  
d i s t u r b i n g  

'Nigh tm 'Day' 'Evening' 
0 %  

F i g u r e  1.- Noise Annoyance by Time-of-day i n  Four  E n g l i s h  A i r c r a f t  
Su rveysa  
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( d )  1971 G a t w i c k  A i r c r a f t  Noise Survey 

7 

4 

N o t  a t  a l l  , 

Mean r a t i n g  Very much of a i r c r a f t  b o t h e r e d  
n o i s e  i n  
e a c h  p e r i o d  

b o t h e r e d  0600 1200 1800 2300 

Sources :  F i g .  l a ,  McKennell, 1963: Appendix P ,  p. 11. 

da ta  set o b t a i n e d  from t h e  ESRC d a t a  
a r c h i v e .  

F ig .  l b ,  A n a l y s i s  a t  NASA performed o n  o r i g i n a l  

F ig .  IC, O l l e r h e a d ,  1978: p. 76. 
F ig .  I d ,  O l l e r h e a d  and Cous ins ,  1975: p. 98. 

aThe q u e s t i o n s  used  i n  t h e  f i g u r e  c a n  be found i n  Appendix A. 
h e s p o n d e n t s  who answer " d o n ' t  know" are exc luded  from t h e  

a n a l y s i s .  Those s a y i n g  t h e y  d o  n o t  h e a r  a i r c r a f t  are 
g i v e n  a score o f  "1". 

CRespondents are exc luded  from t h e  f i g u r e  who answered 
" d o n ' t  know", " n o t  d i s t u r b e d "  or  "do n o t  h e a r "  t h e  a i r c r a f t .  

F i g u r e  1. - concluded  
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( a )  1973 Cos Angeles  A i r p o r t  Night t ime Studyb 

100% 

P e r i o d s  when 
" p a r t i c u l a r l y  
n o t  ice" 50%- 
a i  r c r a f  t noise 
(weekdays 1 

Q 

100% 

9 % 1  1$%117% 117% 125% 31% 22% lo%' 

.i Trying  t o  'Other t i m e s  d u r i n g  day' 
s l e e p "  

a i  rc ra f t noise 
40% 23% 

( c )  1 9 8 0  A u s t r a l i a n  F ive  A i r p o r t  SurveyC 

loo%% 
Period " m o s t  
l i k e  t o  have 
f r e e "  from n 

F i g u r e  2. - Noise Annoyance by Time of Day in USA and A u s t r a l i a  
A i r c r a f t  Surveysa 
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( d )  1972 J P K  A i r p o r t  Noise Survey d 

3- 

2- 

1- 

"Very much" 
b o t h e r  o r  
annoy Mean r a t i n g  

of a i r c r a E t  
no ise  i n  each  
p e r i o d  
(weekdays)e  

" N o t  a t  a l l "  

2.7 - 
1.9 

1.2 

4 I 

Sources :  F i g s .  2a ,2b,  A n a l y s i s  a t  NASA performed o n  o r i g i n a l  

F ig .  2c ,  B u l l e n  and Hede, 1983: p. 1629. 
Fig.  2d, Borsky,  1976: p. 20. 

aThe q u e s t i o n s  used  i n  t h e  f i g u r e  c a n  be  found i n  Appendix A. 
k e s p o n d e n t s  who answered " d o n ' t  know" are  exc luded .  The 

s t u d y  w a s  conducted  i n  t h r e e  waves which have been  combined 
h e r e  s i n c e  t h e  t i m e  of t h e  i n t e r v i e w  do  no t  appea r  t o  
a f f e c t  t h e  r e sponses .  

a i r c r a f t  n o i s e  have been  exc luded .  

p e r i o d s  are inc luded .  

d a t a  se t  o b t a i n e d  from ESRC data  a r c h i v e .  

q e s p o n d e n t s  who answered " d o n ' t  know" o r  " n o t  bo the red"  by 

dOnly p e o p l e  " u s u a l l y  a t  home dur ing"  m o s t  o f  a l l  t h r e e  t i m e  

F i g u r e  2. - concluded  
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HOUR OF DAY 

0 4 a 12 16 20 24 
l r r l r l r l l l l r r l r l l r l l r r r r ~  

R a t i n g  of 
road n o i s e  M o d e r a t e l y  4- 

- 

(when 2 -2 p.+7.9-T 2.212.71 2-7 

RESPONSE SCALE 

(a) 1975 W e s t e r n  O n t a r i o  T r a f f i c  Noise Surveyb 

0700 7200 1600 2400 
0900 1800 

( b )  1 9 7 6  Sou the rn  O n t a r i o  T r a f f i c  Noise SurveyC 
100% 

P e r i o d s  
d i s t u r b e d  most 
by main road  5 0 %  
t r a f f i c  
(weekdays ) 

n 

(c)  1978 Ontario Survey d 

Un be a ra  b 1 y 
d i s t u rbed 

P e r i o d  most  
d i st urbed 
by m a i n -  
road noise 
( i n d o o r s  1 

N o t  a t  a l l  
d i s t u r b e d  

c Day* Evening" * Night" * 

F i g u r e  3 . -  Noise Annoyance by Time-of-day i n  Four  €bad 
T r a f f i c  Surveysa  
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( d )  1 9 7 4  USA 24-community Survey 

Period which 
is m o s t  
a n n o y i n g  

100% 

50% 

I --1 
always same-0 

S o u r c e s :  

?The q u e s  

A n a l y s i s  a t  NASA per formed o n  o r i g i n a l  da t a  set 
o b t a i n e d  from ESRC da ta  a r c h i v e .  

. i o n s  used  i n  t h e  f i g u r e  c a n  be found i n  Appendix ,. 
k e s p o n d e n t s  were n o t  a sked  a b o u t  p e r i o d s  when t h e y  were n o t  

u s u a l l y  home o n  weekdays. Thus t h e  s a m e  r e s p o n d e n t s  do n o t  
p r o v i d e  r a t i n g s  d u r i n g  a l l  p e r i o d s .  

CRespondents were asked  when t h e y  were m o s t  d i s t u r b e d  i n  a n  
open  q u e s t i o n .  Thus t h e y  c o u l d  u s e  v e r b a l  d e s c r i p t o r s  f o r  
t i m e  p e r i o d s  (e.g. ,  "morning r u s h  h o u r " )  which were n o t  
p r e s e n t e d  i n  o t h e r  s t u d i e s .  M u l t i p l e  d e s i g n a t i o n s  of 
"worst" p e r i o d s  w e r e  p e r m i t t e d .  

dRespondents  are scored z e r o  i f  t h e y  had p r e v i o u s l y  s a i d  
t h e y  were n o t  d i s t u r b e d .  

F i g u r e  3 .  - concluded  
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( a )  1971 S w i s s  Three  C i t y  A i r p o r t  Surveyb 

P e r i o d  when 

Oo%-l% 

30% 

P e r i o d  m o s t  
d is t urbed 
by a i r p l a n e  
n o i s e  

a lways  same-0 
1800 2200 

0600 0800 1208400 

( b )  1976 Z u r i c h  Street  T r a f f i c  Noise Survey  

P e r i o d  when loo%% 
t r a f  f ic noise 
is most 50%- 
annoy ingc  

-- 
2 0 %  14% 24% 3596 

a lways  same-0 

50%] t r a f f i c  noise 
is most 
annoy ing  

F i g u r e  4.- Noise Annoyance by Time-of-day in Four  S w i s s  Surveysa  

- 6 3 -  



( d )  1978 Zur i ch  Time-of-day Road T r a f E i c  Noise Survey 

n e v e r  d i s t u r b e d  

Per iod  when I 
50% 

t r a f f i c  noise  
is most 
d i s t u r b i n g  

always same-0 
00 

Sources :  F ig .  4 a ,  G r a f ,  e t . a l .  I 1974: p. 51. 
F i g s .  4b ,4c ,  Wanner, e t . a l . ,  1977: p. 701. 
F ig .  4d,  A n a l y s i s  a t  NASA performed o n  o r i g i n a l  

da ta  set  o b t a i n e d  from t h e  ESRC d a t a  
a r c h i v e .  

aThe q u e s t i o n s  used  i n  t h e  f i g u r e  c a n  be found i n  Appendix A. 
b M u l t i p l e  d e s i g n a t i o n s  o f  t h e  " m o s t  d i s t u r b e d "  p e r i o d s  were 

a e s p o n d e n t s  are exc luded  who r e p o r t e d  t h e y  were neve r  

dRespondents  are exc luded  who r e p o r t e d  t h e y  were n e v e r  

permitted.  

b o t h e r e d  by t r a f f i c  n o i s e .  

b o t h e r e d  by t r a f f i c  n o i s e .  The q u e s t i o n  d i d  n o t  i n c l u d e  
a r e s p o n s e  c a t e g o r y  f o r  b e i n g  b o t h e r e d  t h e  s a m e  amount 
d u r i n g  a l l  p e r i o d s .  

F i g u r e  4. - concluded  
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( a  

Mean number  
of d o l l a r s  
f o r  n o i s e  $50- 
red u c  t i o n  
in 2 per iods 

RESPONSE SCALE 

r i - 
$60 

$40 

HOUR OF DAY 
0 4 a 12 16 20 24 
l i r r i r r r r  r r r r l l l r l r l r  I I l J  ' 

Annoyance m e a s u r e (  h o u r l y  w i t h  20-poin t  scale 

Mean r a t i n g  
of a i r c r a f t  
n o i s e  in 
e a c h  per iod 
( w e e k d a y s  1 

I 
1 

0600 1200 iaoo 

(b) Annoyance m e a s u r e d  by t o p  priority for e l i m i n a t i n g  n o i s e  

Period most 
w a n t  t o  " s t o p  
a i r c r a f t  n o i s e  50% 
coinp le t e  ly" 

0700 1300 1900 2300 

(c )  Annoyance m e a s u r e d  by a l l o c a t i o n  of $100 t o  r e d u c e  n o i s e  (2 Periods) 

$100, I 

0700 2200 

F i g u r e  5.- Noise Annoyance by Time-of-day i n  JFK (New York)  
Q u e s t  i o n n a  i re Development  S tudy :  F o u r  Q u e s t i o n n a i  re Itemsa 
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$100 

Mean number 
of do 1 l a  rs 
for noise  + 

red uct i on  
i n  3 periods $27 $3 1 

$50-  

$42 - 
i 

Source :  A n a l y s i s  o f  NASA data  c o m e  from a n  unpub l i shed  
s t u d y  by Eugene G a l a n t e r ,  Columbia U n i v e r s i t y ,  
N e w  York. The s t u d y  w a s  conduc ted  t o  examine 
a l t e r n a t i v e  q u e s t i o n s  f o r  t i m e  of day  s u r v e y s .  
The f o r t y  r e s p o n d e n t s  were drawn fro-  t w o  
neighborhoods.  

F i g u r e  5. - concluded  
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1975 B r i t i s h  N a t i o n a l  Railway Noise Survey 

100% 

P e r i o d  when 
t r a i n  noise is 5096 
m o s t  annoying 

n 
0800 1200 1800 2300 

F i g u r e  6.: Noise Annoyance by Time of Day i n  B r i t i s h  Rai lway 
Survey  (Source :  A n a l y s i s  a t  NASA of t h e  o r i g i n a l  
d a t a  s e t ) .  
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